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Estimate of User Taxes Paid by Vehicles 
in Different Type and Weight Groups 

BY THE DIVISION OF RESEARCH 
,)} BUREAU OF PUBLIC ROADS 

In this article an estimate is made of the amounts of State highway -user taxes 
paid by vehicles of different types and general size groups. Of the total of 
$3,088 million of State motor-vehicle tax payments made in 1952, fuel-tax pay- 
ments accounted for $1,968 million or 64 percent; registration-fee payments, 
$910 million or 29 percent; motor-carrier tax contributions, $64 million or 2 
percent; and drivers’ licenses, miscellaneous fees, etc., $146 million or 5 percent. 
Comparisons established in this study show that passenger cars represented 

83 percent of all motor vehicles registered, accounted for 81 percent of the traffic 

on our highways, and contributed 65 percent of total State road-user tax pay- 

ments. If panel, pickup, and other light trucks are combined with passenger 

cars the percentages become 93, 89, and 74, respectively. Medium and heavy 

trucks and combinations accounted for 6 percent of the registrations, 10 percent 

of the traffic, and contributed 24 percent of the road-user payments. Tractor- 

semitrailers and truck-trailers included in the preceding group accounted for 

I percent of the registrations, 3 percent of the travel, and 12 percent of user-tax 
payments. 

N a previous article in Pusiic Roaps! 

| &. there was presented a comparison of the 

|| taxes imposed in different States on a selected 

| group of vehicles. The sole purpose of that 

| study was to compare the rates of taxes of the 

} States. An entirely different, though related, 
| matter is the total highway-user tax payments 

by the different major groups of vehicles. 

Information on this subject is of considerable 

importance to highway authorities, legisla- 

| tures, and vehicle operators in determining 

the equitability of the total highway tax bur- 
den on various groups of vehicles and in 

weighing the tax burden on the group against 

the costs of providing highway service, and 

the benefits derived from the service. 

__ The work presented here constitutes a series 
of estimates, and some may disagree with the 

Methods used or the findings reached. Given 
better basic data, or more time for intensive 
study of individual phases of the estimates, 
modification would probably be necessary. 
It is believed, however, that the results are 

‘Sufficiently within the areas of reasonableness 

and general validity to be useful. 

| + Road user and property taxes on selected motor vehicles, 1958, 

_by E. M. Cope and R. W. Meadows. PusLic Roaps, 
_ Vol. 27, No. 7, April 1953. 

‘ 'UBLIC ROADS ® Vol. 28, No.? 

Buses accounted for less than 1 percent of the registrations and 

travel, and 2 percent of the user-tax payments. 

On the basis of highway-user tax payments per mile of travel, passenger cars 

and light trucks paid one-half cent per mile, buses paid 1.6 cents, and medium 

and heavy trucks and combinations paid 1.5 cents. 

tions alone is slightly more than 2 cents per mile of travel, tractor-semitrailers 
paying 2.1 cents and truck-trailers, 2.7. 

The rate for truck combina- 

Although the principal value of this study 

lies in the findings, an outline of the data on 

which the study is based, together with a brief 

review of some of the problems encountered 

and the assumptions that were made, should 

be useful to those who may have occasion to 

evaluate or apply the findings. 

In 1952 the States collected a net total of 

$1,967,831,000 in motor-fuel taxes and related 

fees. The total registration fees and asso- 

ciated revenues amounted to $1,069,439,000 

but, for practical purposes, the $12,859,000 

of fines and penalties received have been elimi- 

nated, leaving a remainder of $1,056,580,000. 

This was done on the theory that fines and 

penalties are not actually road-user revenues 

even though they are miscellaneous receipts 

of the highway departments in some States. 

State motor-carrier taxes collected during the 

year amounted to $64,036,000. The total of 

the State road-user taxes considered in this 

study is, therefore, $3,088,477,000. 

Thus precise information is available on the 

amounts of State registration fees thet were 

paid by automobiles, by trucks, and by buses. 

Various related fees such as drivers’ and 

chauffeurs’ licenses, title fees, etc., can be 

allocated to various classes of vehicles without 

Reported by EDWIN M. COPE, Chief, 

Highway Statistics Section 

JOHN T. LYNCH, Chief, 

Planning Surveys Section 

CLARENCE A. STEELE, Chief, 

Taxation and Economic 

Studies Section 

fear of substantial error. Motor-carrier taxes 

can also be allocated with some degree of 

confidence: their payment is accounted for, 

primarily, by buses and heavy trucks. 
At first glance, it might seem that the allo- 

cation of gasoline tax payments to the various 

groups of vehicles should be fairly easy; but 

this is not the case. To assign gasoline tax 

payments to the various groups of vehicles 

requires the determination of the amounts of 

travel of each group of vehicles, and this is 

particularly important among the groups of 

trucks since different rates of fuel consumption 

are assigned to each group. The formulation 
of an acceptable fuel consumption curve is in 

itself no small task, and relatively minor 

changes in the rates of fuel consumption as- 

signed would make very substantial changes 

in the computed tax payments. The yield 

from fuel taxes accounts for approximately 
two-thirds of all road-user tax payments. 

According to the results of this study, motor- 
fuel taxes constitute 68.1 percent of the total 

State road-user taxes on automobiles, 63.7 

percent of the taxes on buses, and 56.1 percent 
of the taxes on trucks. 

Wherever reference is made in this study to 

State motor-fuel tax receipts, motor-fuel 

usage, highway use of special fuels, and State 

motor-vehicle receipts, the data are taken 

from the Bureau’s published bulletin Highway 

Statistics 1952. Such information is given 
therein in tables G-1, G-21, G-25, and MV-2, 

respectively. 

Findings of the Study 

The findings of this study can best be de- 

scribed by referring to the summary data 

given in tables 1 and 2 and in figures 1 and 2, 

which portray the results graphically. The 

summary data compare the numbers of ve- 

hicles in each visual classification, the user 

taxes paid, vehicle-miles traveled, average 

payments per vehicle, and average payments 
per mile of travel. 

Table 1 brings together the classified esti- 

mates of tax payments that are described in- 

dividually in subsequent sections of this arti- 

cle. It will be observed that fuel-tax pay- 

ments accounted for $1,968 million, or 63.7 

17 



Table 1.—Estimate of State highway-user taxes paid in 1952 by major groups of vehicles 

nS EET SEE a 

; Motor- 
en Si ae Registra- 

Vehicle type tion! fees ne 

1,000 1,000 
dollars dollars 

Passenver Cars-21sess25-2-3e- 4 esse eo 61D 750 eee 

BiuS6R. <2. 22 He eee 5 see =e eer 13,171 7, 268 

EOLOTCY ClOsi cae hes ome e wen eoe ee 1 LOD a aoee ne 

Camp and other light trailers _-----_- NSFLTY Malo eee ao 

Single-unit trucks: 
Panel and pickup é.-s2--2.28s-=- 835804 Wie eee 
Other 2-axlo, 4-tire....--..-- =sae-- 18/20 0a eee ee 
PENI Ueto cae ee eens 129, 887 2, 613 
S-axles: Sst. fa eee 27, 309 225 

All single-unit trucks--_--.--- 259, 729 2, 838 

Vehicle combinations: 
Tractor-semitrailer_.._..--------- 94, 307 49, 529 
TUCK bPAUOl 242s aes = ee eee 11, 368 4,401 

All combinations_-_--------.- 105, 675 53, 930 

All trucks and combinations--------- 365, 404 56, 768 

Allryeliicles.. 225 25..5- fee =o eee es 910, 211 64, 036 

Opera- Total 
tors’ and | Miscel- 4 = 
chauf- | laneous | , Motor , “ei fuel taxes Distric feurs’ li- fees Acnount istri 

cense fees bution 

1,000 1,000 1,000 1,000 
dollars dollars dollars dollars Percent 

47, 235 71,014 1, 353, 280 1, 987, 279 64. 34 

522 289 37, 337 58, 587 1.90 

102 407 4, 488 6, 766 »22 

22, ae a ee 14,117 . 46 

4, 436 5, 966 123, 156 217, 362 7.04 
836 1, 186 31, 567 52, 318 1.69 

2, 647 5,417 202, 909 343, 473 11.12 
297 1, 083 17, 461 46, 375 1. 50 

8, 216 13, 652 375, 093 659, 528 21.35 

917 3, 533 181, 504 329, 790 10. 68 
96 386 16, 129 32, 380 1.05 

1,013 3, 919 197, 633 362, 170 11. 73 

9, 229 17, 571 572, 726 1, 021, 698 33.08 

57, 088 89, 281 1, 967, 831 3, 088, 447 100.00 

percent, of the total of $3,088 million of State 
motor-vehicle tax payments made during 

1952.  Registration-fee payments totaling 

$910 million brought in 29.5 percent; motor- 

carrier tax payments of $64 million provided 

2.1 percent; operator- and chauffeur-license 

incomes provided $57 million, or 1.8 percent; 

and miscellaneous fees totaled $89 million, 
or 2.9 percent. The most natural comparison 

of total payments is that between passenger 

ears and other types of vehicles. Of the 

$3,088 million in State road-user taxes paid 

by all vehicles in 1952, $1,987 million was 
paid by passenger cars; $1,022 million was 

contributed by trucks and combinations; $59 
million by buses. The remainder is accounted 

for by nearly $7 million assigned to motor- 

cycles and $14 million assigned to camp, farm, 

and other light trailers. 

Table 2 and figure 1 indicate that automo- 

biles constituted 83.0 percent of motor-vehicle 

registrations in 1952 and accounted for 64.8 

percent of the user taxes. Buses, relatively 

negligible in the gross totals, were approxi- 

mately 0.3 percent of the numbers registered 

and paid 1.9 percent of the user-tax revenues. 

Trucks and combinations accounted for 16.8 

percent of the vehicles and 33.3 percent of the 

revenues, 

A somewhat different grouping of vehicles 

brings out the relation of numbers and pay- 

ments more clearly. If the values for panels 

and pickups and other 4-tire trucks are 

added to those for automobiles, this consti- 

tutes what may be called the light-vehicle 

group. With this grouping, it is found that 

automobiles and light trucks formed 93.4 

percent of the registered vehicles in 1952 and 

paid 73.6 percent of the road-user taxes. 
Medium and heavy trucks and combinations 

accounted for 6.3 percent of the vehicles and 

24.5 percent of the user-tax payments. This 

finding is two-edged, in a sense. By the act 
of putting light trucks with passenger cars, 

the total of the truck contribution is dimin- 

ished, but the weighting of payments in rela- 

18 

tion to numbers is increased from less than 2 

to 1 to nearly 4 to l. 

Some of the figures for individual types in 

the visual classification are revealing. Two- 

axle, six-tire trucks amounted to 5.0 percent 

of the vehicles and their tax payments were 

11.2 percent of the total. Three-axle trucks, 

constituting 0.3 percent of the vehicles, paid 

1.5 percent of the revenues. 'Tractor-semi- 

trailers, which added only 0.84 percent to the 

vehicle total, paid 10.8 percent of the total. 

Truck-trailer combinations constituted 0.08 
percent of the vehicles and made 1.1 percent 

of the tax payments. Thus combinations as 

a group amounted to less than 1 percent of 

Table 2.—Estimate of State highway-user taxes paid in 1952 by vehicles in different type 
and weight groups 

Motor vehicles 
registered 1 

Vehicle type 

Num- 
ber 

sands 

43, 654 

145 

Single-unit trucks: 
Panel and pickup 4, 629 
Other 2-axle, 4-tire 882 
2-axle, 6-tire 2, 646 

175 
8, 332 

Vehicle combinations: 
‘Tractor-semitrailer 442 
‘Trocketraer= 52) — = 5 2 44 

All combinations 486 

8, 818 

All vehicles 52, 617 

Regrouping of vehicle types: 
Passenger cars and light trucks 3 49, 165 
M@lium and heavy trucks and combina- 

1 Publicly owned vehicles, motorcycles, and light trailers are excluded. 
2 Excludes $12,359,000 in fines and penalties, and tax payments of $14,117,000 assigned to light trailers and $6,766,000 assigned - 

to motorcycles. 
§ Panels and pickups and other 2-axle, 4-tire trucks are grouped with passenger cars. 

Distri- 
bution 

Percent | Millions | Percent 

82.96 | 409, 271 

28 3, 564 -70 

6. 28 

the vehicles but accounted for nearly 12 pe 
cent of the revenues. 

In average payments per vehicle durin rf 

1952, it is found that the value for automo} 4 
biles was approximately $45.50, that foi i 

buses was $404, and that for trucks and com}. 

binations was slightly less than $116. Withir}y, 
the truck and combination group, there is é 
found an average payment of $47 by panels il 

and pickups and $59 by other 2-axle, 4-tire},, 
trucks; the general average for 2-axle, 4-tire fy 

trucks was $49. Two-axle, six-tire trucks}, 

paid, on the average, $130, and 3-axle trucks th 

about $265. The average payment for com: 

the average for tractor-semitrailers, and $736 

for truck-trailers. Too much should not be 
made of the comparison between the two 

types of combinations, because of the wide 
difference in both numbers and geographical 

distribution. In the regrouping of vehicles, 

automobiles and light trucks are found to 

have made an average payment per vehicle 

of $46; the average for medium and heavy 

trucks and combinations was $227. | 
Comparisons on a vehicle-mile basis are also 

given in table 2 and are illustrated in figure 2.}, 
Here it is found that automobiles, which con- 

stituted 83.0 percent of the registrations in 

1952, accounted for 80.9 percent of the traffic 

volume. This may be compared with their 

contribution of 64.8 percent to the total road- 

user revenues. If again automobiles and 

light trucks are combined, it is found that this 
group contributed 89.1 percent of the vehicle- 

miles and 73.6 percent of the revenues.) 

Medium and heavy trucks and combinations 

accounted for 10.2 percent of the traffic volume 

and 24.5 percent of the revenues. Combina- 

tions taken alone provide an interesting com- 

parison: They constituted 0.92 percent of the 

Vehicle-miles 
traveled 

Highway-user Average rate 
taxes paid 2 of payment 

Per 
vehicle- 
mile 

Distri- 
bution 

Distri- 
bution 

Per 
Amount vehicle 

1,000 
dollars Percent 

64.78 

1.91 

80.89 | 1, 987, 279 

58, 587 404.05 

33, 971 
7, 598 

32, 679 
1, 866 

76, 114 

6. 72 
1.50 
6. 46 
37 

15.05 

217, 362 
52, 318 

343, 473 
46, 375 

659, 528 

46, 96 
59, 32 

129, 81 
265.00 
79. 16 

15, 814 3.12 
1,197 24 

17,011 3.36 

93,125 | 18.41 

505, 960 | 100.00 

329, 790 
32, 380 

362, 170 

1,021, 698 

3, 067, 564 

746.13 
735, 91 
745, 21 

115, 87 

58. 30 

450, 840 

51, 556 

89.11 

10.19 

2, 256, 959 

752, 018 

45, 91 

227.40 
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vehicles, traveled 3.4 percent of the vehicle- 

niles, and provided 11.8 percent of the 
-evenues. 

The final comparison shown in table 2 and 

igure 2 is that made on the basis of average 

.road-user tax payments per mile of travel. 

The average payment by automobiles was 0.49 

sent per vehicle-mile, or almost exactly one- 

aalf cent. Buses paid 1.64 cents per mile of 

iravel and trucks and combinations, as a 

zroup, paid 1.10 cents. The average for all 

vehicles was 0.61 cent per mile of travel. 

When automobiles and light trucks are com- 

bined, the average payment per mile comes 

out exactly at one-half cent. Medium and 

heavy trucks and combinations, taken as a 

zroup, contributed 1.46 cents per vehicle-mile. 

Among the general group of trucks and com- 

binations, it is found that 2-axle, 4-tire trucks 
paid between 0.6 and 0.7 cent per mile of 

“Wtravel. ‘Two-axle, six-tire trucks paid 1.05 

cents per vehicle-mile, and 3-axle trucks 2.49 

“cents, the average for single-unit trucks being 

0.87 cent. The rate per vehicle-mile for com- 

binations as a group was 2.13 cents, tractor- 

s semitrailers paying 2.09 cents and_ truck- 

: trailer combinations 2.71. 

In the interpretation of these figures it 
should be borne in mind that they are Nation- 

wide totals and averages derived by processing 

in various ways the data reported by 48 

States and the District of Columbia, each of 
which has its own schedule of user taxes, with 

| the rates of payment differing widely from 

“IState to State. The vehicles of each type and 

‘size group may contribute relatively more in 

one State and relatively less in another. The 

vehicle group, and thereby affording com- 

parisons of the extent to which each group 

shares in the total burden of State road-user 

Vehicle Classifications 

| Gross-weight distribution 

Although registrations and fee payments are 

segregated in State records by major types of 

vehicles, the further task of distributing 

numbers and fees among various groups of 

trucks is a complex matter. The differences 

among the various State bases of registration 

jhad to be reconciled, and, to do this, factors 

were developed for converting the available 

data supplied by the States to a gross-weight 
basis. Thirty-one States had furnished, for 
1952, data on truck-weight or capacity 

groupings according to their own registration 

tbases. In a few States this basis was the 
unrealistic “manufacturers’ rated capacity,” 

and in some it was on variations of net or 

jempty weight, but for the majority, it was 

gross-vehicle weight. Some States use a 
combination of factors. Although more than 

| half of the States now register trucks and 
| combinations on the basis of gross weight, it 

) can be seen in figure 3 that quite a few, includ- 
| ing some of the larger ones, register on different 

| bases. Conversion factors were estimated 

and, for each State for which data were avail- 
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PERCENTAGE OF VEHICLES OR REVENUE 

a °o 

0 oe 

PASSENGER BUSES PANELS OTHER 

CARS AND LIGHT 

PICKUPS TRUCKS 

ee! PERCENTAGE OF TOTAL VEHICLES 

YY PERCENTAGE OF TOTAL TAX PAYMENTS 
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eee 
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Figure 1.—Comparison of registrations and tax payments by vehicle types. 

able on some basis other than gross-vehicle 

weight, the conversion factors were applied to 

obtain an approximation of the State’s regis- 

tration according to the groups in which they 

would have fallen if all States required regis- 

tration on a gross-vehicle-weight basis. 

While there is no need at this point to out- 

line those conversion factors in detail, here are 

some examples. Single-unit trucks of 4,500 

pounds or less empty weight in States register- 

ing on an empty-weight basis were considered 

to be in the gross-vehicle-weight class of 1.8 

times their empty weight; single-unit trucks 

in the 4,501-8,000-pound empty-weight group 

were considered to belong with vehicles of 

exactly twice their weight when registered on 

a gross-weight basis; and vehicles with an 

empty weight of more than 8,000 pounds were 

converted to gross-weight values of 2.5 times 

their empty weight. In States where tractor- 

trucks are registered on an empty-weight basis 

100 
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they were considered to represent combina- 

tions of 5 times the empty weight of the tractor 

alone; and tractors registered on a gross- 

weight basis were converted to gross combina- 

tion weights of 1.8 times the gross registered 

weight of the tractor alone. 

All in all, there were 18 States for which 

data were available on a gross-vehicle-weight 

basis, and it was possible to convert the data 

from an additional 12 States registering on 

other bases. However, in order to obtain 

balance, and because of questionable factors 

in the original material, data for 15 States 

were selected as representative. These 15 

States registered more than 44.2 percent of all 

trucks in the United States in 1952. The 

percentages obtained from this 15-State 

sample were applied to national totals of trucks 

registered. This distribution is shown in 

table 3 (reading across) and in figure 4. 

In 1952, the year on which this study is 

Evel PERCENTAGE OF TRAVEL (IN VEHICLE~-MILES) 

Y 
YY PERCENTAGE OF TAX PAYMENTS 

PAYMENT PER VEHICLE-MILE 

A.W, GV 
PERCENTAGE OF VEHICLE-MILES OR TAX PAYMENTS 7 0 Y ag 

PASSENGER BUSES PANELS OTHER 
CARS AND LIGHT 

PICKUPS TRUCKS 

PAYMENTS IN CENTS PER VEHICLE- MILE 

2-AXLE, 3-AXLE TRACTOR- TRUCK- 

6-TIRE TRUCKS SEMI- TRAILERS 
TRUCKS TRAILERS 

Figure 2.—Comparison of travel, tax payments, and payments per vehicle-mile. 
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An entirely different problem arises in adapting 

the computed gross-vehicle-weight basis to the 

actual vehicles operating on the highway as 

they are observed from traffic counting or 

weighing stations. Determination of the 

taxes paid by various vehicles requires con- 

siderable knowledge of the mileages they 
travel; and this must be computed primarily 

from observation. Registration fees do not 

vary with the amount of travel. Motor- 

carrier taxes do vary to a considerable degree 

with the amount of travel, and fuel taxes paid 

vary in direct proportion as travel varies. 

The “visual” classification of vehicles shown 

in table 3 (reading down) and in figure 5 is that 

ordinarily used in recording and publishing 

traffiic-volume information. This was the 

principal reason dictating its adoption for this 

study, although another factor prompting its 

use was that this classification is more 

meaningful than is a classification based solely 
upon gross weight. 

Although the visual classification is so 

commonly used in presenting traffic data, 

vehicles in use or registered cannot readily be 

classified on this basis. In spite of the fact 

Figure 3.—Truck registration fee basis. that tractor-trucks or panels and pickups are 
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GROSS VEHICLE WEIGHT 

(504 EMPTY WEIGHT 

isis] CHASSIS WEIGHT 

OWNER’S DECLARED CAPACITY 
MANUFACTURER’S RATED CAPACITY 

GROSS WEIGHT PER LOAD CARRYING AXLE 

based, there were 8,818,000 trucks registered 

(excluding publicly owned vehicles). Of 

these, after converting to a gross-vehicle- 
weight basis, as described above, there were 8,000 Ib. & UNDER 

5,679,000 in the 8,000 pounds and under group, a SO ees. 

or 64.4 percent. An additional 26.3 percent, - 
; ° 10,001 TO 12,000 

or 2,318,000 were in the groups from 8,001 to i | 

20,000 pounds. Only 370,000, or 4.2 percent, z 2 CoPraienoa 

of the trucks were in the 20,001-30,000- = 

pound range; and 212,000, or 2.4 percent, Figure 4.—Distribution of ° 16,001 TO 20,000 
were between 30,001 and 40,000 pounds. The commercial vehicles by 2 

trucks and combinations of over 40,000 pounds registered gross weight. < 20,001 TO 24,000 
accounted for 2.7 percent of the total, or oe 

238,000 vehicles and combinations. Thus, S 24,001 To 30,000 

only 9.3 percent of all trucks were more than = | 

20,000 pounds gross weight. #0,00!..TO, 40,000 

Visual classification of vehicles 40,000 |b. & OVER 

The previous discussion concerns the dis- 

tribution of vehicles on registration bases, and 

some of the difficulties encountered in com- 

puting a uniform distribution on the basis of 

gross-vehicle or gross-combination weights, 

ie} 1 2 3 4 5 6 

MILLIONS OF VEHICLES 

Table 3.—Estimated distribution of trucks and combinations in 1952 by visual classification and registered gross weight 

Single-unit trucks Vehicle combinations 

2-axle, 4-tire 2-axle, 6-tire 3-axle Tractor-semitrailer Truck-trailer 

Registered gross weight 
Panel and pickup Other 

Distri- titre: Distri: | Num- | Distri- | Num- | Distri- 
Num- | Distr | Num-’| Distri- bution bution ber bution ber bution 

ber bution ber bution 

Thou- Thou- Thou- 
Pounds sands Percent sands Percent Percent Percent sands Percent 

8,000 and under 7 , % h 
8,001-10,000 , : ae 

12,001-16,000 
16,001-20,000 
PTH Ot OOO ee caakenceo er ayer pps 
24,001-30,000 
30,001—40,000 
Over 40,000 

Total 
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| registration. 

_ revenue. 

registered separately in a few States, there is 

none in which the visual classification has been 

adopted in a general way as a basis for vehicle 

Manufacturers’ and _trade- 

association statistics are no more helpful; 
| manufacturers’ gross-vehicle-weight rating has . 

understandably become the basis upon which 

| these groups publish most of their statistics on 
.| production and sales. 

As a consequence, it became necessary in 

preparing the visual distribution of vehicles 

shown in table 3 and figure 5 to resort to 

other sources of information. One of these 

was the findings of the motor-vehicle-use 

studies conducted in five States, as presented 

in the project reports made on those studies. 

Another was the distribution of vehicles for 

Seven urban areas reported in the home- 

interview samples taken in origin and destina- 

tion studies made. A third was a report 

prepared on an analysis of the 1952 truck 

registrations in North Carolina Although 
none of these sources provided all of the 

information desired, it was possible by 

piecing this information together with that 

which was available from registration records 

in a few States to develop the distribution 

shown in table 3 and figure 5. 

Some of these sources also provided gross- 

vehicle-weight distributions of individual 

visual classifications. With the help of these 

it was possible to calculate a cross-classifica- 

tion of vehicles by both visual and gross- 

weight classifications. This tabulation, table 3, 

provided a means of allocating registration 

and related fees and taxes according to both 

classifications. 

Registration-Fee and Carrier=-Tax 
Payments 

Registration fees and related imposts 

Total revenue from State registration fees 

and associated imposts amounted to $1,069,- 

439,000, or $1,056,580,000 if the $12,859,000 
of fines and penalties are excluded. Of this 
het amount, $910,211,000 were registration 

fees and the remainder of $146,369,000 was 

accounted for by title fees and taxes, transfer 

and reregistration fees, operators’ and chauf- 

feurs’ licenses, and other miscellaneous allied 

Operators’ and chauffeurs’ licenses 

alone accounted for $57,088,000. 

Registration fees 

In order to allocate registration fees between 

_ the various principal groups of vehicles, aver- 

age registration fees were computed from the 

basic data on which the previous study was 
based. Although the present study deals in 
national totals, it is well to remember that 

there are great differences among the States 
in their taxation of motor vehicles. Property 

taxes on motor vehicles are not within the 

‘Scope of this study, but there is considerable 
variation in their imposition and magnitude 

also, 
_ The average registration fee for automobiles, 

_ 2 Analysis of the 1952 registration of property-carrying vehicles 
in North Carolina. Division of Statistics and Planning, 
North Carolina State Highway and Public Works Com- 
mission, Raleigh, 1953. Tables I and II, pp. 6 and 9. 

3 See footnote 1, p. 17. 
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PANELS AND PICKUPS 

OTHER 2-AXLE, 4-TIRE 

2-AXLE, 6 TIRE 

TRACTOR-SEMITRAILERS 

TRUCKS AND COMBINATIONS 

TRUCK-TRAILERS 

MILLIONS OF VEHICLES 

Figure 5.—Distribution of commercial vehi- 

cles by ‘“‘visual’’ classification. 

derived by simple division, is $11.81. The 

computed truck registration fees, derived by 

multiplying the numbers of vehicles in each 

group by the estimated average fees, yielded 

a total of $368,605,000, or not quite 0.9 

percent more than the known total of 

$365,404,000. The average fees were therefore 

reduced 0.9 percent to arrive at the $365,- 

404,000 total. 

For 1952, truck and tractor registration fees 

totaled $320,251,000. To this amount was 

added the $59,270,000 of fees paid on various 

types of trailers and semitrailers, deducted 

from which was $14,116,000 estimated to have 

been paid on house trailers, light car trailers, 

etc. The resulting amount, $365,404,000, 

makes allowance for the fact that semitrailers 

and trailers are registered separately in many 

States, and that there are considerably greater 

numbers of semitrailers than tractors. 

There were 5,679,000 trucks in the 8,000 

pounds or less gross-vehicle-weight group. 

When converted to the visual classification, 

4,497,000 fell into the panel and pickup group 

with 4 tires, 706,000 were other single-unit 

trucks with 4 tires, and 476,000 were 2-axle, 

6-tire single-unit trucks. The total registra~ 

tion fees of these groups amounted to $108,- 

417,000. It seems probable that the panels 

and pickups pay slightly smaller fees than 

the other vehicles in this group. 

In this respect, it is interesting to note that 

a great many States impose lower registration 

fees on farm trucks than on vehicles not 

qualifying for that classification. The vast 
majority of farm trucks are in the pickup and 

other relatively light groups. To make al- 

lowance for this difference in fees, it was 

assumed that the average registration fee of 

the 706,000 4-tire single-unit trucks other 

than panels and pickups had a value of X 

and that the registration fee of panels and 

pickups had an average value of X minus 5 

percent, and that the 2-axle, 6-tire vehicles 

in the group had a registration fee with the 

value of X plus 5 percent. The same techni- 

que was applied to the fees of the vehicles in 

the 8,001-10,000-pound, group. For the 

529,000 trucks in the 10,001—12,000-pound 

group, it was assumed that the 88,000 4-tire 

trucks had an average registration fee of 5 per- 

cent less than the 441,000 6-tire single-unit 

trucks in the group. A similar method was 
followed in distributing the registration fees 

of each of the gross-vehicle-weight classes to 

the visual classifications. In each instance, 

however, a heavier weighting factor was given 

to the registration fees for combinations when 

they fell in the same gross-weight group as 

single-unit trucks. 

Miscellaneous fees 

The allocation of operators’ and chauffeurs’ 

licenses had to be arbitrary. Some States 

do not require chauffeurs’ licenses and others 

do not require ordinary operators’ licenses of 

those who hold chauffeurs’ licenses. The total 

chauffeurs’ license fees attributed to truck 

operators was $9,229,000. It was assumed 

that one chauffeur’s license at an average fee of 

$1.80 should be attributed to each vehicle in 

the gross registration weight classes of 20,000 

to 40,000 pounds, and 1.5 chauffeurs’ licenses 

should be attributed to each vehicle over 

40,000 pounds. The remainder of the 

chauffeurs’ licenses and the fees derived 

therefrom were attributed to trucks in the 

various groups under 20,000 pounds. Chauf- 

feur license payments attributed to bus 

operators were computed as approximately 2 

per vehicle or 290,000, and at $1.80 each these 

amounted to $522,000. Motorcycle operators’ 

licenses were estimated at 25 cents per regis- 

tered motorcycle, and amounted to $102,000. 

The remainder of operators’ and chauffeurs’ 

license payments, $47,235,000, was allocated 

to passenger-car operators. 

After allocating operators’ and chauffeurs’ 
license revenues to various groups of vehicles, 

there remained $89,281,000 of miscellaneous 

fees to be assigned. This was done insofar 

as possible by examination of the individual 

State reports and allocating the fees to in- 

dividual groups where possible. As a@ result 

of this examination of State reports, 

$17,571,000 was assigned to trucks. This 

amounted to $1.99 each. In this distribution, 

however, consideration was given to size and 

value of the vehicles since these factors 

affected the receipts. ‘Title fees, transfer fees, 

and issuance fees were distributed to trucks 

on a numerical basis. Nonresident tag fees 

and a small amount of other miscellaneous 

‘fees were distributed between trucks on the 

basis of a sample distribution in five States 
drawn from the individual reports of the States 

in the Bureau of Public Roads files. The 
truck share of special titling taxes, amounting 

to $32,489,000, was distributed on the basis 

of gross vehicle weights, since these are ad 

valorem taxes and it seemed that there should 

be a high degree of correlation between value 

and weight. Undoubtedly this is susceptible of 

refinement, but it is probable that no great 

violence is done by this approach. 

It was assumed that the miscellaneous 
revenues to be assigned to buses averaged 

the same as those assigned to trucks, i. e., 

$1.99 each, or a total of $289,000. Miscel- 
laneous revenues of $1.00 each were at- 

tributed to the 407,000 registered motor- 
cycles. The remaining miscellaneous fees, 
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$71,014,000, were attributed to automobiles, 
and amounted to $1.63 per automobile when 

the amount is divided by the number of 

registered vehicles. 

Carrier taxes 

The prior discussion has outlined the major 

phases of assigning registration and associ- 

ated fees. The assignment of the $64,036,000 

in motor-carrier tax revenues was made by 

study of the individual reports of the States. 
This indicated that $7,268,000 might be as- 

signed to buses and the remaining $56,768,000 

assigned to trucks. Undoubtedly there are 

some instances of certain carrier taxes or 

public-service permit fees and related revenues 
that may be attributed to taxicabs but in- 

sufficient evidence was found of such payments 

to make any allocation. In any case, it is 

improbable that a substantial amount would 

be involved. 

For the purpose of this study it was also 

assumed that carrier taxes can be assigned 

entirely to buses and to trucks of more than 

12,000 pounds gross-vehicle-weight rating. 

Since the individual State records did not 

distinguish between the classes of vehicles 

upon which carrier taxes were levied, an 

arbitrary procedure was adopted in assigning 

them to the various groups. By taking the 

average amount of motor-carrier tax that 

would be paid by a vehicle of over 40,000 

pounds as the quantity X, it was assumed, in 

computing carrier taxes, that vehicles in the 

30,001—40,000-pound-group could be assigned 

a value of 0.75X; trucks and combinations in 

the 24,001-30,000-pound-group, a value of 

0.5X; vehicles in the 20,001—24,000-pound- 

group, a value of 0.25.X ; vehicles in the 16,001— 

20,000-pound-group, a value of 0.1X; and 

vehicles in the 12,001—16,000-pound-group, a 

value of 0.05X. The value of X was found 

to be $94.32. It might be said that this is 

systematic guessing, and there would be more 

than a grain of truth to it. Yet, in the 

absence of detailed basic data, any assignment 

of motor-carrier taxes to various groups of 

vehicles must necessarily be on an arbitrary 

basis and, regardless of the complexity of any 

formula adopted, it would be reasonably 

certain to contain many of the properties of 

the estimate made here. 

Travel and Fuel-Tax Payments 

Although much is known about the char- 

acter and extent of motor-vehicle use, there 

is a present lack of complete information 

about the distribution of highway travel in 

rural and urban areas, especially that pertain- 

ing to the subdivision of this travel among the 

classes of vehicles for which it was desired to 
make estimates in this study. Nevertheless, 
such an estimate of travel during 1952, 
classified according to these vehicle types, 
had to be made if the fuel use and fuel-tax 
payments of the individual types of vehicles 
were to be calculated. 

Motor-vehicle travel 

Estimates of passenger-car, bus, and truck 

travel in the United States were issued by the 

Bureau for each of the years from 1936 
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through 1948.4 The principal factors con- 

trolling the calculations made for 1936 were 

the traffic volumes, characteristics, and rela- 

tions as determined from rural traffic counts, 

and from the motor-vehicle allocation and 

road-use studies conducted between 1935 and 

1939, covering both rural and urban travel. 

These projects were included in the program 

of basic highway planning studies undertaken 

jointly by the State highway departments and 

the Bureau of Public Roads. Estimates for 

the succeeding years were based upon the 

calculations made for 1936, such modifications 

being made as were necessary to reflect known 

trends in motor-vehicle registrations, fuel 

consumption, and vehicle use. The principal 

factors controlling the calculations for the 

individual years were the annual estimates of 

rural traffic made by the Bureau from traffic 

counts obtained by the State highway depart- 

ments, the annual reports of the highway use 

of motor fuel made by State authorities, and 

reports of motor-vehicle registrations, also 

made by State authorities. Publication of 

these estimates was discontinued after 1948 

because it was felt that some of the basic 

relations existing in 1936, and upon which the 

entire structure of the estimates was predi- 

cated, might have changed considerably. Since 

that time only estimates of rural travel have 

been published. 

Basis of Travel Estimates 

The same basic procedures employed in 

preparing the estimates for 1936-48 were used 

in developing the estimate of the total pas- 

senger-car, bus, and truck travel for 1952, 

presented in table 4. For purposes of this 

study, however, it was necessary to subdivide 

the estimate of total truck travel into the 

various visual classifications shown in the 

table. In rural areas, classification counts 
have been made regularly by the State high- 

4 See previous annual articles on traffic in PuBLic RoAps: 

vol. 25, Nos. 8, 7, 12, and vol. 24, No. 10. 

Table 4.—Estimated travel during 1952, classified by place of travel ! and by vehicle type 
ST Lee Sienna nse Nic! i 2) eel el dali eeu Si MONEE le 

Vehicle-miles of travel in— Distribution of travel 

Vehicle type 
Rural Urban Rural Urban 
areas areas Total areas areas Total 

Millions | Millions | Millions | Percent | Percent | Percent 

Passenger, carsit2 seitteasn ke See -sa bo rome st 213, 464 197, 404 410, 868 77.01 83. 98 80. 21 

Buses: 
Commercial? 2 ans se ees 1, 444 1, 750 38, 194 . 52 . 74 - 62 

Her tee eee Ee ee ener: ae 1,026 114 1, 140 a7 05 oo 
AllDuses. 23 lees eS sei aes 2,470 1, 864 4, 334 .89 .79 84 

Single-unit trucks: 
Fanel-and picktip (6. 2: -..23... see 22,075 13, 324 35, 399 7.97 5.67 91 
Other 2-axle,4-Cird ea) oe eee 2,083 , 834 7,917 75 2. 48 1.55 

All 2-axle, 4-tire trucksii.§ 22. See ft 24, 158 19, 158 43,316 8.72 8.15 8. 46 
SEONG. OcbirG se ses. cay, ue ENE a Rae 20, 453 13, 600 34, 053 7.38 5.79 6.65 
Ghee Se Se ee ee oe ee oe ere 1, 557 388 1, 945 - 56 «16 1.38 

All'single-unit trocksuc.. (3 46, 168 33, 146 79, 314 16. 66 14.10 15. 49 

Vehicle combinations: 
Tractor-semitrallor 2-32 aes eee e.g 14, 013 2, 465 16, 478 5.06 1.05 3. 22 
Trock-tratler2°%) 2), hs 9s ee ee Ste 1, 061 187 1, 248 -38 08 24 

All: combinations: a-<25. = 5a eee SS 15, 074 2, 652 17, 726 5.44 1.13 3.46 

All trucks and combinations_.__.___-_._________-_- 61, 242 35, 798 97, 040 22. 10 15. 23 18. 95 

All vehicles__......._. Othe an eee ee ee 277, 176 235, 066 512, 242 100. 00 100. 00 100.60 
ee a eet Beene fs i Le ee Oe ee ee ee ee ee a 

' Urban areas include all incorporated places and delimited urban compacts. 

way departments as a part of the highway ! 

planning survey operations, and the percent- 

age distribution shown by these counts was 

used in subdividing the total rural vehicle- 

mileage of trucks. In urban areas, comprehen- 

sive classification count data are not available. 

Two other sources of information are available 

from the planning survey operations conducted } 

by the States, however, and these were used} 

in subdividing the total urban vehicle-mileage 

of trucks. Estimates of travel by the various 

visual classifications of trucks were developed 

for the large cities from information collected 

in origin and destination traffic studies of the} 

home-interview type, and for the smaller} 

cities from information obtained in motor-} 

vehicle-use studies. 

In the home-interview origin and destina-} 

tion studies it is standard practice to collect} 

data concerning the type of truck, the licensed} 

gross weight, and the daily mileage traveled} 

in the urban area as well as the origin and 

destination of each trip. Information is also 

available in these studies concerning the 

number, type, origin, and destination of all} 

trucks entering and leaving urban areas. 

Twelve cities5 were selected from those in 

which home-interview studies have been made) 

and special tabulations of the urban travel by 

type of truck were made for these cities. Some) 

of these tabulations were made by the State| 
highway departments and some by the Bureau) 

of Public Roads. Percentages and factors 

developed from these data were used in esti- 

mating the urban vehicle-mileage of trucks) 

by visual types in the larger cities for the 

country as a whole. 

The motor-vehicle-use studies are also’ 
home-interview studies designed to obtain on 

a Statewide basis much the same types of], 
information as are obtained for a single city or|} 

urban area in the home-interview origin-and- 

’ Camden, Dallas, Duluth, Houston, Madison, Minne- 

apolis, Philadelphia, Racine, St. Paul, Seattle, Superior, 

and Washington, D.C. ‘ 
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| Table 5.—Estimated travel during 1952, classified by ownership of vehicle ard by vehicle type 
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Vehicle-miles of travel by— Distribution of travel by— 

Vehicle type Govern- cae Govern- | Private 
m ment- an ment- | andcom- 
Total owned jcommercial Total owned mercial 

vehicles vehicles vehicles | vehicles 

Millions | Millions | Millions | Percent | Percent | Percent 

UTC EMC tee aga COR eh ae a eae aa eS 410, 868 1, 597 409, 271 80. 21 25, 42 80. 89 

Buses: 
SCT Cae eels cones ie Ie pena OF ie 3) LOSS eee 3, 194 = O25) | iess-es . 63 
ROG) See eee io. 9 FA ge ee 1, 1460 770 370 22 12. 26 .07 
vO TELS OS ae eee eee ee ee 4, 334 770 3, 564 . 84 12. 26 .70 

Single-unit trucks: 
PANEL ANC DICK UD Sep ccicinn te ee ee 35, 399 1, 428 33, 971 6. 91 22:73 6. 71 
Othen2axley4-tire 028 “<toee > ue) ee 7,917 319 7, 598 1. 55 5.08 1. 50 

All 2-axle, 4-tire trucks-____.__...--_-_-.=_- 43, 316 1, 747 41, 569 8.46 27.81 8. 21 
ORIG NO-DitO eee ee eee eee Yr SS 34, 053 1, 374 32, 679 6. 65 21. 87 6. 46 
Xie. Saree Bett p 2 sot sexy, «eat BF - Fe et 1, 945 79 1, 866 -38 1.26 37 

AIPSincle-UIDitstrickS. 62 (2 --egl Pee nee 79, 314 3, 200 76, 114 15. 49 50. 94 15. 04 

Vehicle combinations: 
Tractor-semitrailer tise aity Ble eal | 4 Wesel hy IPN es 16, 478 664 15, 814 3. 22 10. 57 3.13 
Truck-trailer- oe es ee ee ee eee, 1, 248 51 1,197 . 24 - 81 . 24 

PAT COM DIN TOUS 28 Stes ie Ce eS te 17, 726 715 17, 011 3. 46 11.38 S180 

All trucks and combinations...<-20_ -.L20..4..--... 97,040 3, 915 93, 125 18. 95 62. 32 18. 41 

PUtCTODICIOS easatmers Mune SH ath sos os YL 512, 242 6, 282 505, 960 100. 00 100.00 100. 00 

destination studies. Because of their State- 

wide, rather than local emphasis, the sampling 

rates employed within cities in the motor- 

vehicle-use studies are much lower than those 

used in the origin-and-destination studies; 

therefore, the stability and reliability of the 
08 
.|motor-vehicle-use samples are lower when 

only a single city or size-group of cities is 

considered. However, the data available from 

these studies could be used to good advantage 

a2 estimating the travel of various classes of 

trucks and combinations in the smaller-sized 

"cities and villages as a whole. Data obtained 

q ne seven States, the only ones in which motor- 

ids 
"lvehicle-use studies have been completed up 

to the present, were used in making these 

estimates. In addition to the travel data 
itapplied, information obtained through these 
iO 

studies relative to the distributions of dwelling 

_junits, population, and motor vehicles was also 

used in refining the calculations. 
Other sources of information used included 

pejestimates of travel by commercial and other 
.|buses reported by the industry,* and estimates 

of automobile use reported by the Automobile 

Manufacturers Association.’ 

Total motor-vehicle travel on all roads and 
streets during 1952 was calculated to be 512 
billion vehicle-miles, of which 411 billion, 

about 80 percent, was estimated to have been 

performed by passenger cars, 79 billion, nearly 

16 percent, by single-unit trucks, 18 billion, 

somewhat more than 3 percent, by tractor- 

semitrailer and truck-trailer combinations, 

and 4 billion, nearly 1 percent, by buses. 

This tabulation includes the travel of 
publicly owned non-military vehicles. It was 

desired to limit the calculation of fuel con- 
sumption and fuel-tax payments to the 

classifications of private and commercial 

6 Rustransportation, vol. 32, No.2, Feb. 1953, McGraw-Hill 

Publishing Co., New York, N. Y. 
7 Automobile facts and figures, 31st ed., 1951, Automobile 

Manufacturers Association, Detroit, Mich. See especially 

p. 48. 
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vehicles shown in table 3 and figure 5. Con- 

sequently, the travel of publicly owned 

vehicles had to be eliminated from the 

estimated travel of all vehicles shown in 

table 4. 

Estimates of the travel and fuel consump- 

tion of Federal civilian vehicles were deter- 

mined from statistics compiled by the United 

States Bureau of the Budget, while estimates 

of the travel and fuel consumption of motor 

vehicles owned by State, county, and other 

local government agencies were developed 

from reports made (of the numbers of such 

vehicles) by most of the State highway 

departments to the Bureau of Public Roads. 

The travel of publicly owned vehicles was 

determined to be 6 billion vehicle-miles, of 

which the amounts contributed by the 

individual vehicle types were as shown in the 

second column of table 5. The total travel of 

BUSES -OTHER 

TRUCKS 

‘ BUSES - COMMERCIAL 

PANEL AND PICKUP 

private and commercial motor vehicles, after 

deduction of public-vehicle travel, was 506 

billion vehicle-miles, of which 409 billion was 

performed by passenger cars, 76 billion by 

single-unit trucks, 17 billion by combinations 

of freight-carrying vehicles, and nearly 4 

billion by buses. The percentage distribution 

of this travel by vehicle groups was practically 

the same as for the total travel of all public, 

private, and commercial vehicles. This 

distribution is shown in figure 6, 

Vehicle Operating Characteristics 

In order to estimate the fuel consumption 

and fuel-tax payments for the individual 

classes of vehicles used in this study, it was 

necessary to determine certain of their 

operating characteristics such as average 

gross weights, percentages of vehicles using 

fuel other than gasoline, and rates of fuel 

consumption. 

Operating gross weights 

The calculated average operating gross 

weights used in this study for each type of 

vehicle are shown in table 6 and figure 7. 

Different methods were employed in arriving 

at the weights adopted for the various classes 

of vehicles. 
The average operating gross weight of 

passenger cars was determined by a complex 

method of calculation in which these vehicles 

were divided by makes roughly into four 

groups, according to the weight of the most 

popular four-door sedan of each make. An 

average operating road weight was calculated 

for each make by adding to the shipping 

weight of the four-door sedan an allowance to 

cover nonstandard equipment (such as radios 

and heaters), fuel, water, two passengers, 

and baggage. The allowances varied from 

600 pounds in the case of the vehicles in the 

lightest group to 900 pounds in the case of the 

heaviest vehicles. It was assumed that 

vehicles of all weight groups would have the 

same average travel. The average operating 

OTHER 2-AXLE, 
4-TIRE TRUCKS 

2-AXLE, 6-TIRE 
TRUCKS 

TRUCKS AND 

BUSES 

3-AXLE TRUCKS 

TRACTOR - SEMI- 

TRAILERS 

TRUCK-~ TRAILERS 

10 15 20 25 30 35 

PERCENTAGE OF TRAVEL OF TRUCKS AND BUSES 
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PERCENTAGE OF TOTAL TRAVEL 

Figure 6.—Percentage distribution of travel by private and commercial vehicles in 1952. 
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Table 6.—Operating chracteristics of various types of motor vehicles 

Ne Distribution of travel accord- Rates of fuel consumption by 
vente ing to type of fuel used type of fuel used 

Vehicle type operating he gross 

weight | Gasoline | Diesel | Other | Gasoline | Diesel Other 
ales EDS, 33 erase 

Gallons Gallons Gallons 
Pounds Percent Percent | Percent | per mile | per mile | per mile 

PassenVer Carsia See lu lB 280.5 LOS 3, 965 100.0 (1) (1) 10: 06704 al Peas. Pin tee sees 

Buses: 
e Gorman ee, ee eee ee 23, 000 39.1 55.9 . 26870 0. 18590 0. 26690 

Others eh 2.Gee.. 55-2 eee 11, 600 100.0 (‘) (4) Be ae ey eee 

Single-unit trucks: 
Panel and pickup------..-----1--- 4, 639 100.0 (1) (1) ACU E18 | ee Re ie RS i Nad 
Other 2-axle. 4-tines 2022 eae 5, 834 100.0 (1) () SOS120Mi Ute Se aly Seem ee 
2-AX 10, PHO << ds ee ee 11, 684 100.0 (*) (1) JU 2500 tat ie See 2 2 RS 
CALICS eee oc ee rey eee ee 23, 611 100.0 () (') L080 Mattes. = 7s 8 

Vehicle combinations: 
Tractor-semitrailer......-._...-.-. 35, 602 86. 5 12.6 9 . 24120 17230 . 26800 
Prnckstrailer2 2. Foe eee ee 46, 885 86.5 12.6 9 . 28320 20230 31470 

1 Percentage negligible. 

gross weight for all passenger cars was calcu- 

lated to be 3,965 pounds. 

The operating characteristics of commercial 

buses differed so greatly from those of other 

types of buses that they were treated sepa- 

rately from the other types, such as privately 

owned buses operated by schools or institu- 

tions. The operating gross weight of 23,000 

pounds assigned to commercial buses was 

determined by adding to the curb weight of a 

typical 42-passenger bus, such as is used in 

either city or suburban service, the weight of 

a load of 21 passengers. ‘The operating gross 

weight of 11,600 pounds assigned to other 

buses represents the combination of the curb 

weight of a typical medium-sized school bus 

and the weight of an average load of 20 

children. 

The weights shown for the various classes of 

trucks and combinations are averages ob- 

tained from loadometer studies conducted in 

1952 by the State highway departments. A 

total of 134,564 vehicles as found in the 

traffic stream on main rural roads were 

weighed. Some were empty, some _ over- 

loaded, and some only partially loaded. The 

weights reported reflect these conditions. 

Since no data were available on weights of 

vehicles operating in cities, the rural road 

weights had to be applied to all traffic. 

Use of special fuels 

Although the use of fuels other than gasoline 

in the propulsion of motor vehicles is increas- 

ing rapidly, the amount of such so-called 

“special” fuels used is still a relatively small 

percentage of the total fuel consumed on the 

highways. In 1952 the total of all motor fuel 

used in the United States was 40,584 million 
gallons, while the total amount of special fuels 

used for highway purposes was only 805 

million gallons. This relatively small seg- 
ment of motor-fuel consumption assumes 
greater importance, however, when it is con- 

sidered that nearly all of this fuel is consumed 

by the larger commercial vehicles—buses and 

combinations of freight-carrying vehicles. 
Information reported by the commercial 

bus industry indicates that very large portions 

of its operations are now carried on with buses 
propelled by diesel fuel, liquefied petroleum 

gas, and other nongasoline fuels. The specific 

24 

percentage relations used in this analysis are 

based upon reports from 24 intercity, intra- 

city, and suburban operators.® 

These data, which appear to be supported 

by other reliable information, indicate that 

more than 50 percent of the fuel now used in 

common-carrier buses is diesel fuel, while the 

use of liquefied petroleum gas has become an 

important factor in some instances. Although 

there is undoubtedly some use of these fuels in 

buses engaged in other types of operations, 

available information seems to indicate that 

such use is insignificant, 

Nongasoline fuels are also used to some 

extent in single-unit trucks, but, inasmuch as 

the achievement of significant savings from 

the use of these fuels requires large-scale 

operations, such use is thought to be negligible 

and all of the consumption of these fuels in 

freight-carrying vehicles was assigned to 

combinations rather than single vehicles. 

Fuel consumption rates 

The rate at which a certain motor vehicle 

or combination of vehicles will consume fuel 

in its operations over the highways is affected 

8 Bus transportation, vol. 32, No. 11, Nov. 1953, McGraw- 
Hill Publishing Co., New York, N. Y. 
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at any given time by a number of factors, 

among which the following are of major, 

importance: Type and grade of fuel use 

characteristics of the engine, gear ratio 

frequency of stops, condition of the vehicle, 

gradients encountered, types and conditio 

of roads traveled, weather, operating gro 

weight of vehicle (or combination) and, 

contents, and driving techniques employed, 

When the total of all motor vehicles in 

service, operating throughout the year under 

widely varying conditions, is being con- 

sidered, and if only a broad and general, 
analysis is undertaken as was the case in this. 

instance, the effects of such factors as fre- 

quency of stops, topography, weather, condi- 

tion of the vehicle, and driving techniques 
employed tend to become compensating and 

have little effect upon the determination of 
average rates of fuel consumption. Con 

sequently, in the analysis undertaken f 

this study, no attempt was made to take an 

factor other than gross vehicle weight int 

account except in a very limited way, as 1 

noted subsequently. 

Figure 8 shows the compromise curve 

indicating the relation between gross weight 

and gasoline consumption that was plotte 

from the equation developed for this article, 

and the other fuel-consumption data that wer 

considered in developing it. This equation is 
intended to indicate approximate gasoline- 

consumption rates for vehicles with gross 
weights up to at least 72,000 pounds, operating 
under average conditions. : 

This gasoline-consumption equation was 
not statistically developed in the ordinary 

sense. Rather, it is a composite of values fol 

numerous gross-weight groups obtained sy 

each of several previous determinations b 

other investigators. Since it was beyon 

the scope of this study to assemble origina 

data on the fuel-consumption rates of motor 

vehicles, it was necessary to draw on the work 
of others. Although many sources of data 

were investigated, none was found which 

appeared to meet present needs in all respects. 

Some, like the determinations of the 
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Figure 7.—Operating characteristics of various types of vehicles. 
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al COMPROMISE CURVE (G.PM.* 0.0005342 w0283248) 
[B] FEDERAL COORDINATOR OF TRANSPORTATION, 1940 (G.PM.* 0.00031 w0-675) 

[G] v.C.NELSON, NORTH DAKOTA, CLASS A TRUCKS, SEPTEMBER 1952 

[D] HGHWAY RESEARCH BOARD, RESEARCH RPT. NO.9-A, FIGURE 8, DETERMINED 

FOR 2.5 RATE OF RISE ANO FALL ; 

[E] G.P.ST CLAIR, PUBLIC ROADS, VOL.24, NO. 10, 1946 (G.P.M= 0.00037 w0:50177) 
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FORD TRUCK ECONOMY RUN, I95i: TRACTOR - SEMITRAILERS 

® ILLINOIS FEDERATION OF TRUCKING ASSOCIATIONS, 1952 

e A.R.FERGUSON, VIRGINIA HIGHWAY USERS ASSOCIATION, JUNE 1953 
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AVERAGE OPERATING GROSS WEIGHT —1,000 POUNDS 

calculated and plotted to logarithmic scales 

it was found that they fitted closely a straight 

line having the following equation: 

G.P.M. =0.0005342 W-583248 

where G.P.M.=gallons per mile, and W= 

average operating gross weight of vehicle. 

Consequently, it was decided that for 

purposes of the present analysis this fuel 

consumption equation could be applied 

throughout the entire range of gross weights 

for which gasoline consumption would need 

to be calculated. 

As stated previously, this equation applies 

only to gasoline-powered vehicles. It is 

known that different rates of fuel consumption 

will apply to diesel-powered vehicles, but 

there are not sufficient data at hand to permit 

the calculation of an equation for them. 

After consultation with representatives of the 

trucking industry it was decided to assume 

that, for operating gross weights above 20,000 

pounds, diesel vehicles will consume, on the 

average, about 30 percent less fuel than will 

gasoline-powered vehicles of equal weight. 

No special allowance was made for vehicles 

using other fuels, such as liquefied petroleum 

gas, partly because of their negligible im- 

portance in the nationwide picture, and 

partly because available data seemed to indi- 

cate that such vehicles generally have fuel- 

consumption rates closely approximating those 

ce so as 2 ao Ue be, 70 of similar gasoline-powered vehicles. 

All of the gasoline-consumption rates shown 

in table 6 and figure 7 were developed by ap- 

Figure 8.—Estimated fuel consumption of gasoline-powered vehicles compared with aver- plying the derived equation to the average 

age operating gross weight. operating gross weights shown except in the 

Federal Coordinator of Transportation,® were 
developed from information that is now so 

old that is does not reflect conditions now 

known to prevail, especially in the higher 

gross-weight brackets. Others, like the fuel- 

consumption rates developed from the Ford 

‘data, 10 are based upon limited coverage of 

engines, vehicle types, or loadings, and so 

tend to give values, for certain weight ranges, 

that deviate rather widely from the consensus 

of findings. 

After plotting all of this information as 
shown in figure 8, it became evident that a 
new curve, or set of curves, should be de- 

veloped. Some students of the problem 

contend that a single fuel-consumption curve 

cannot be developed to fit all types of vehicles 

from passenger cars through the heaviest 
combinations. When the gasoline-consump- 

tion equation adopted for use in this study 

was developed, it had not been predetermined 
that a single curve could be applied to all 

gross weights. However, when average fuel- 

consumption rates for each of numerous 

values of operating gross weights, ranging 
from 3,000 to 50,000 pounds, had been 

9 Public aids to transportation, Federal Coordinator of 

Transportation, vol. IV, 1940. See especially pp. 141-43. 

10 Mileage, gross vehicle weight, and fuel consumption of 

commercial vehicles, presented by Robley Winfrey at 33d 

Annual Meeting of the Highway Research Board, Wash- 

ington, D. C., Jan. 12, 1954. 

PUBLIC ROADS ® Vol. 28, No. 2 

296364—54—_2 

Table 7.—Fuel consumption and tax payments in 1952, classified by yarious types of private 

and commercial motor vehicles 

; aD; : Vehicles pow- 
Gasoline-powered| Diesel-powered Total fuel 

vehicles vehicles ered ea ther consumed 

Beg. Total tax Vehicle type miles = eet Af 
traveled ; S S Dayments 

Fuel | wite-| Fuel | yyite-| Fuel Distri- Mileage | con- Ray eae NGA con- /Gallons| bition 
sumed | 88° |sumed| ®8° | sumed 

Mil- 
Million| Mil- | lion | Mil- |Million| Mil- Million 

Millions | Millions | gallons | lions \gallons| lions | gallons | lions | Percent dollars 

Passenger Cars.---.---------- A002 TIE W4OSR2R EM E27 ASS || ae ae el oe ee 27,438 | 68.771 | 1,353.3 

Buses: 
Commerciale s--ee- 3, 194 1, 249 336 | 1,785 | 332 160 43 711 1,782 35.0 
Others] 32 ae 370 370 AG“ ee oo hae a 46 145 2.3 

ATDUSOSaa teoeeeee 3, 564 1, 619 382 | 1,785 | 332 160 43 757 1.897 37.3 

Single-unit trucks: 
Panel and pickup------- 33,971 | 33,971 | 2,497 | --- Lae ae es 2, 497 6. 259 123.2 
Other 2-axle, 4-tire__-___- 7, 598 7, 598 640 | --- ae oh SPs 640 1. 604 31.5 

All2-axle, 4-tire trucks_| 41,569 | 41,569 | 3,137 | --- Bis 1a ADs 3, 137 7. 863 154.7 
2-AX10, OrtinGre nao senna 32,679 | 32,679} 4,114) --- ae ae ts 4, 114 | 10.311 202.9 
S-axle.ye. seas NE 1, 866 1, 866 364 | ce. ne ee ae = 354 . 887 17.5 

Allsingle-unittrucks_| 76,114 | 76,114 | 7,605 | —-~- wa Be ae 7,605 | 19.061 375.1 

Vehicle combinations: 
Tractor-semitrailer_-___- 15, 814 13, 679 3, 299 | 1,993 343 142 38 3, 680 9, 223 181.5 
‘Truck-trailert 5.3 5.- a. 1,197 1,035 293 151 31 ll 3 327 . 820 16.1 

All combinations__--{ 17,011 14, 714 3, 592 | 2,144 374 153 41 4,007 10. 043 197.6 

Alltrucks and combinations_} 93,125 | 90,828 | 11,197 | 2,144 | 374 153 41 11,612 | 29.104 572.7 

‘All vehicleswets=s 2 - s 505, 960 | 501,718 | 39,017 | 3,929 | 706 313 84 39,807 | 99.772 | 1,963.3 

Fuel consumed by motor- 
cycles, ebe:s.--2u- ean. <2) Sante, |) ===-- aoe os “oe ee oa a 91 . 228 4.5 

Total fuel consumed and tax 
payments eis at Aa ee He ami Bae ee = <== ---- | 39,898 | 100.000 | 1,967.8 

nn vO 
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user taxes were paid and no refunds claimed 

for such nonhighway purposes as the opera- 

tion of gasoline-powered lawnmowers, garden 

tractors, or small boats. 

There were about 408,000 private and com-}. 

mercial motorcycles, motor scooters, and 

similar vehicles registered in 1952. If it can 

be assumed that these vehicles consumed an 

average of 200 gallons of fuel each during the 

year, their total consumption would have been 

nearly 82 million gallons, a not unlikely 

figure. Other investigators have averaged 

the annual consumption of motorcycles at 

250 gallons, or even more. The Federal Co- 
ordinator of Transportation used a fuel-con- 

sumption rate of 0.027041 gallon per mile and 

an average annual mileage of 15,000 in esti- 

mating motorcycle fuel consumption in 1932.2]; 

~ BUSES - COMMERCIAL 

BUSES-OTHER 

PANEL AND PICKUP 

TRUCKS 

OTHER 2-AXLE, 
4-TIRE TRUCKS 

2-AXLE, 6- TIRE 
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TRACTOR - SEMI- Fuel tax payments 
TRAILERS 

PERCENTAGE OF TOTAL MOTOR FUEL CONSUMPTION 

TRUCK~ TRAILERS 

PASSENGER TRUCKS 
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Figure 9.—Percentage distribution of motor-fuel consumption by 

private and commercial vehicles in 1952, 

case of commercial buses. Available oper- 

ating data indicate that relations between the 

gasoline-consumption rates and average oper- 

ating weights of intercity buses are almost in 

line with the corresponding relations calcu- 

lated by use of the equation, but that in the 

case of intracity and suburban buses the rates 

are much higher, probably because of the 

combined effects of frequent stops, urban 

congestion, and other factors peculiar to such 

operations. The composite gasoline-consump- 

tion rate shown was developed from operating 

statistics of the 24 companies previously 

cited.™ 

Fuel Consumption and Fuel-Tax 

Payments 

Table 7 presents the calculated fuel con- 

sumption and fuel-tax payments of each of 

the various classes of vehicles indicated in the 

11 See footnote 8, p. 24. 
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visual classification adopted for this study. 
Figure 9 shows the percentage distribution of 

indicated total fuel consumption. 

Fuel consumption 

The fuel-consumption data shown in table 

7 were calculated by multiplying the total 

mileages traveled by the corresponding rates 

shown in table 6. Separate calculations of 

gasoline, diesel, and other fuel used were made 

on the basis of the percentages of total use 

there indicated. 

The total calculated consumption of 39,807 

millions of gallons of fuel of all kinds is 91 

million gallons, or 0.225 percent, below the 

39,898 million gallons of fuel used by private 

and commercial vehicles for highway purposes 

in 1952. However, the analysis made for this 

article did not take into account fuel con- 

sumed by motorcycles, motor scooters, and 

other similar vehicles, nor did it give con- 

sideration to the use of fuel on which highway- 

during 1952. 

During 1952, $1,968 million was collected 

from State taxes on motor fuel used for high- 

way purposes. This total excludes taxes re- 

funded upon nonhighway use of motor fuel 

and allowance made in a few States to tax- 

payers for cost of tax collection. It includes 

the incomes from certain miscellaneous re- 

ceipts, such as distributors’ and retailers’ 

license fees, inspection fees, ete. 

The total motor-fuel consumption covered 

by these tax payments is not exactly the same 

as the total of highway motor-fuel consump- 

tion by private and commercial vehicles of 

39,898 million gallons. Tax collections do not 
indicate actual fuel consumption during a 

given year because of the time lag between 

payment of the fuel tax and the actual use 

of motor fuel and the handling of tax refunds 

for nonhighway use. Claims for nonhighway 

use in the fall of one year may not be paid 
until the following year. 

For this reason it was decided not to at- 

tempt to calculate tax payments directly }; 

from the gallonage distribution shown in 

table 7. Instead, a percentage distribution 

was calculated from these data and applied 

to the total collections of $1,968 million, on 

the assumption that the percentages of use 

reflected by the collections would be essen- 
tially the same as those reflecting actual use 

The results of this calculation 

are shown in the last column of table 7. 

12 See footnote 9, p. 25. 
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XISTING highways are conglomerations 

of varied geometric designs. Some sec- 

24\tions are designed in accordance with the 
most modern standards, to accommodate large 

volumes of traffic at relatively high speeds, 

ijjbut these are by far in the minority. The 

r.| Breater part of our highway system is of two- 

y.jlane design, often inadequate for the volume 

| Of traffic carried. In many locations the most 

».| common deficiency is insufficient sight distance 

jy|for safe operation at desired speeds on vertical 

».|and horizontal curves. 
The effect of vertical curves on driver be- 

havior and vehicle speeds was discussed in a 

oj Paper presented by B. A. Lefeve at the annual 

me} Meeting of the Highway Research Board in 

January 1953.1 The problem of horizontal 

curvatures and their effects on driver per- 

formance is presented in this report. 

ns | 

Study Procedure 

Driver performance and _passenger-car 

speeds were recorded on a number of horizontal 

curves with minimum sight distances ranging 

from 200 to 655 feet and with curvatures from 

3 to 29 degrees. Study locations were con- 

fined to sections of two-lane highway on which 

it might be expected that driver performance 

would be affected by horizontal curvature, 
superelevation, or limitation of sight distance. 

In no case did the approach grade exceed 3 

percent, and no section had a vertical curva- 

ture in combination with the horizontal 

curvature. 

_ All locations were on rural highways re- 

moved from the influence of intersections and 

with a minimum of interference from roadside 

development. The study included only pas- 

senger cars and, to insure that they were not 

influenced by other vehicles traveling in the 

same direction, those following another ve- 

hicle within a time spacing of 6 seconds were 

excluded. 
The study was conducted in two phases. 

The first phase was initiated in 1951 in coop- 

| eration with the New York State Department 

of Public Works and included studies of driver 

behavior on 15 horizontal curves. At these 

curves the speed of each vehicle observed was 

recorded at 100-foot intervals over a distance 

of 1,000 feet, starting 500 feet ahead of,the cen- 
ters of the curves and ending 500 feet beyond 

the centers. This included the entire lengths 

of the curves, since they were from 400 to 900 

id 

_1 Speed characteristics on vertical curves, by B. A. Lefeve. 

| Highway Research Board Proceedings, 1953, vol. 32, p. 395. 
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~ Driver Performance on Horizontal Curves 

Reported by ASRIEL TARAGIN 

Highway Engineer 

Some important observations were derived from this study of free-moving pas- 

senger-car speeds on horizontal curves of two-lane rural highways. Drivers do 

not slacken speed after entering a curve, presumably making their adjustments 

on the approaches. Speeds in the shorter-radius inside lanes are no less than 

in the outside lanes, despite the fact that sight distances average 20 percent 

shorter. Operating speed and the degree of curvature are linearly related: 

while drivers do not move at the high speeds permissible by the design on easy 

curves, they often exceed the design speed on sharp curves. 

Superelevation apparently has no effect on vehicle speeds, and the utilized 

coefficient of side friction is relatively small when the superelevation is high. 

However, there is a close relation between ‘‘unit superelevation’’—the rise per 

foot of width per degree of curvature—and safe driving speed. Few vehicles 

exceed a safe speed on horizontal curves designed with a unit superelevation of 

more than 0.005 foot per foot of pavement per degree of curvature. 

Where the minimum sight distance is 400 feet or more, drivers travel at speeds 

from which a stop can be made within the available sight distance, but where the 

sight distance is below 400 feet, drivers travel at speeds from which a stop can 

be made within the available sight distance only when the perception and re- 

action times are ignored. Speeds are considerably lower on horizontal curves 

than on vertical curves with the same minimum sight distances. 

It is evident that if roads are to be built safely for the accommodation of actual 

driver behavior—and this seems logical—the design of horizontal curves on two- 

lane rural highways should take into account unit superelevation, and should 

provide a minimum sight distance of at least 400 feet, allowing for reasonable 

perception, reaction, and braking time. That an adequate margin of safety is 

needed is evidenced from the implication in the study results that driver speeds 

are more controlled by the obvious danger of running off the road, when negoti- 

ating a horizontal curve, than by the possible hazard of an unseen object where 

sight distance is limited on either horizontal or vertical curves. The physical 

stress of centrifugal force can actually be felt, while the sight-distance hazard 

can only be imagined. 

feet long. (Observations of vehicle sperds on 

the approaches, however, were not included 

in this study.) The data were obtained in 

such a manner that the variation in speed on 

each curve could be related to the variation 

in the sight distance on the curve. The 

results obtained by this phase of the study 

are discussed in the first part of this report. 

To supplement the data obtained in New 

York, the second phase of the study made use 

of data from studies conducted at 20 locations 

in Maryland, Illinois, Minnesota, and South 
Carolina. This phase consisted of determin- 

ing passenger-car speeds at one point on each 

curve—at the point of minimum sight dis- 

tance. The data collected at these locations 

were combined with the New York data for 

the greater portion of this report. The data 

from each study site were analyzed separately 

for vehicles traveling in the inside lane of the 

curve and for vehicles traveling in the outside 

lane of the curve. 

It should be understood, of course, that the 

curves studied are on two-lane highways, and 

the “‘inside’”’ lane is that side of the road near- 

est the center of the circle of which the curve 

is an arc; the “outside” lane, carrying traffic 

‘in the opposite direction, is the other half of 

the road. 
The inside lane of a curve has a slightly 

sharper curvature and shorter radius than the 

outside lane. This difference should be kept 

in mind in the consideration of the results 

because the curvatures as reported are those 

as measured to the centerline of the pavement. 

Sight-distance measurements were made sepa- 

rately for each direction of travel, at the 

center of the lane, from a height of 4% feet to 
an object 4 inches high in the same lane. 

The speeds of approximately 125 free- 

moving passenger cars (not meeting another 

vehicle and more than 6 seconds behind the 

preceding vehicle) were observed at each study 

site. Satisfactory data were obtained for the 

inside lanes of 35 different curves and for the 
outside lanes of 33 of these curves, involving 
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Table 1.—Locations studied and observed speed data on horizontal curves on two-lane 

highways 

a ee 

Location Physical features Inside lane of curve Outside lane of curve 

Mini- Speed rasp sight | yrini- Speed aeprvaen sight 

Pave- ane _| mum mum 

State Site No.| ment ore aie sight sight 

width ! dis- | Aver- | 90-per- | 95-per- faa Aver- | 90-per- | 95-per- 
tance | “age | centile | centile age | centile | centile 

Feet Ft./ft. | Feet | M.p.h.| M.p.h.| M.p.h.| Feet |M.p.h. | M.p.h. M.p.h. 

Th eee ee 1 18 25° 00’ 0. 083 200 23.7 28.9 29.4 300 22.6 28,5 29. 4 

Novae ae 2-1 22 17° 30’ . 062 215 36.5 44.0 45.0 ae aes ane sae 

hk a Be ta 2-0 22 4° 45/ . 062 srs see eee. aes 220 38.0 43.0 46.5 

Vas = 3 3 26 23° 50! .077 215 31.5 36. 2 38.1 455 32, 2 36. 2 37.8 

IN AY: eee 4 17 20° 30’ .083 220 28.0 34.5 36.0 220 30.0 35.0 37.2 

IVE es es 5 3 28 6° 52’ . 036 236 38.6 46.3 47.6 452 36.9 42.1 43.9 

Md: oo iees 6 24 9° 10’ . 042 256 41.4 47.5 49.1 453 40.7 47.1 49.5 

Mdocoeecee 7 422 12° 15’ .045 285 35.7 41.5 42.9 391 35, 2 40.4 42.9 

MG. Ae: Stee 8 22 13° 44’ . 068 297 40.4 49.7 52.9 323 41.2 46.9 48.6 

Minn.5_ __ 9 26 29° 00’ . 062 300 25.1 29. 7 31.5 ws oe es a 

N. Yer 10 24 10° 00’ .073 300 35.5 44.0 46.4 325 37.5 44.5 45.5 

Md.> 22-35 11 24 3° 50’ 014 303 46. 6 65.1 58. 5 526 46.3 53.0 55.5 

May eeeee2 12 24 4° 35/ - 028 303 40.8 46.5 49.0 489 42.4 47.2 50. 4 

Mido eke 13 3 26 10° 18’ . 038 308 41.9 46.3 47.1 377 37.0 44.2 46.5 

IN. aes 14 23 9° 30' .073 320 37.8 45.0 47.6 320 37.0 44.2 46.3 

Nees ee 15 22 11° 00’ 073 320 36.0 45.0 46.8 340 35.0 42.0 43.8 

MG 2 ee 16 24 8° 02’ 0 324 44.3 52.0 53.7 452 40.3 47.0 49.3 

Mideeie. 7 24 6? 52’ . 042 342 41.6 46.8 49.1 439 40.4 48,2 50.9 

IN, Yom ee) 18 23 7° 00’ . 052 350 41.5 49.5 52.2 375 42.0 47.5 53.9 

Bs ae ee 19 18 3° 00’ . 030 360 40.9 53.1 59.0 360 34.9 44.7 47.9 

Wid. St eeeae 20 326 7° 40’ . 064 371 40.6 46.7 48.9 655 46.3 53.0 56.0 

Midseeee ees 21 24 4° 35/ 021 377 61.7 58.3 60. 2 546 46.9 52.5 53.7 

N.. YES 22 24 11° 30’ . 080 380 40.5 49.5 52. 4 380 39.0 48.0 49.3 

ING Weeds ee 23 24 6° 30° . 062 400 42.5 50. 5 53.4 400 41.5 51.0 53.7 

MiGeS eece= 24 20 5° 40’ . 033 407 43.5 49.4 52.4 550 46.0 52.9 56. 2 

Minn.5.___. 25 19 T3430 . 062 420 39. 2 48.7 50.6 ezh w Fe Le. 2 aes 

Nee 26 22 52'30' . 042 435 37.5 46.5 8.3 460 38.0 47.5 49.9 

pen Sr ae 2. 5 .3 is f k 

Ss ae 5 fe 
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1 Approach pavement same width as curve except as noted. 
2 Sites 2 and 29 were compound curves, so the curvature of the inside lane differs from that of the eetsiae lane. 
3 Approach pavement 24 feet wide. 
4 Approach pavement 20 feet wide. 
fAt sites 9 and 25 data were not obtained for the outside lane. 

8,400 vehicles. Table 1 contains a general 

description of each location and the observed 

speed data at the point of minimum sight 

distance. 

Summary of Findings 

The analyses of the data included investiga- 

tions of the coefficient of side friction that 

vehicles actually develop in traversing hori- 

zontal curves, the effect of superelevation on 

driver behavior, sight distance as related to 

curvature, speed as related to sight distance 

and curvature, and actual passenger-car speeds 

as compared to various standards for safe 

speeds as based on stopping distances. 

The data indicate the following for the 

conditions of speed and sight distance gener- 

ally prevailing in the areas where the studies 

were conducted: 

1. Drivers of free-moving passenger cars do 

not change their speeds appreciably after 

entering a horizontal curve. Any adjustment 

in speed that is made because of curvature or 

limited sight distance is made on the approach 

to the curve. Observations of vehicle speeds 
on the approaches were not included in this 

study. 

2. Speeds in the outside lanes were about 

the same as those in the inside lanes despite 

the fact that minimum sight distances were, 
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on an average, 20 percent greater in the out- 

side lanes than in the inside lanes of the curves 

included in these studies. Operating condi- 

tions as far as the minimum sight distance is 

concerned were therefore more critical for the 

inside lanes than for outside lanes, especially 

on the sharper curves. 

3. The amount of superelevation on the 

curves studied had no effect on vehicle speeds. 

For this reason the utilized coefficient of side 

friction on the same degree of curvature is 

smaller when the superelevation is high than 

when it is low. Ten percent of the drivers 

develop a coefficient of side friction of 0.3 or 

more on horizontal curves sharper than 15 

degrees. A coefficient of side friction of 9.16, 

however, is rarely exceeded on curves of 6 

degrees or less. 

4. Superelevation, as normally used in 

terms of feet of rise per foot of pavement 

width, without regard to the sharpness of the 

curve, bears no relation to the percentage of 

vehicles exceeding the “‘safe’’ speed based on 

curvature, superelevation, and coefficient of 

side friction. A close correlation exists, how- 

ever, between unit superelevation and the per- 

centage of vehicles exceeding the computed 

safe speed based on curvature and supereleva- 

tion; the “unit superelevation”’ being the feet 

of rise per foot of width per degree of curva- 

ture. The analysis indicates that few vehicles 

exceed a safe speed on horizontal curve 

designed with a unit superelevation of more 

than 0.005 foot per foot of width per degree 

of curvature. This is a very simple unit to 

apply in the design of horizontal curves. 

5. The minimum sight distance on hori- 

zontal curves is not necessarily controlled by} 

or related to the degree of curvature. On 

the curves studied, however, there was a 

general tendency for the flatter curves (those 

of longer radii) to have the longer minimum 

sight distances. 

6. Operating speed and degree of curvature 

are closely related, and the relation is linear. 

Drivers do not drive at the high speed per- 

mitted by the design on easy curves, and 

exceed the design speed on sharp curves 

sometimes by as much as 10 miles per hour. 

7. Considering curvature and sight distance 

only, curvature has a much greater effect on 

vehicle speed than sight distance. 
8. Driver performance on horizontal curves 

is such that when the minimum sight distance 

is 400 feet or longer, few drivers exceed what 

can be considered a safe speed regardless of}. 

which of the commonly employed factors is 

used in computing driver stopping distances. 

With the shorter sight distances, however, 

most drivers stay within a speed from which} 

they could come to a stop within the available 

sight distance only if no allowance is made for 

perception and reaction time. Between these 

two extremes the percentage of vehicles ex- 

ceeding the safe speed depends on the criterion 

used to determine the safe speed. 

From these studies it appears that sight 

distances should be at least 400 feet (if meas- 

ured from a height of 4% feet to 4 inches) on 

horizontal curves on two-lane main rural high- 

ways if drivers are to be expected to stop when 

an object suddenly appears in their lane. 

9. Vehicle speeds are considerably lower on 

horizontal curves than on vertical curves with 

the same minimum sight distance. St ci tile ta amen me aaa aa 

New York Studies 

In the New York studies, vehicle speeds 

were recorded in each of the two lanes at 

100-foot intervals for a distance of 1,000 feet 

including the sharpest sections of the hori- 

zontal curves. The individual car speeds 

were obtained by measuring the time it took 

vehicles to travel the 100-foot distances be- 

tween the stations on each curve. A distribu- 

tion of vehicle speed and the average speed 

were thus obtained for vehicles while in each 

of the ten 100-foot sections. Using sight dis- 

tances recorded separately for each direction 

of travel, the design speed based on the Ameri- 

can Association of State Highway Officials 
standards for nonpassing sight distances only 

was determined for each curve in each direc- 

tion. The percentage of cars exceeding the 

design speed determined in this manner at 
each 100-foot station was then obtained from 

the speed distribution. 

Typical data recorded in New York are 
plotted for one location in the chart at the left 
in figure 1. The bottom portion of the chart 
shows the sight distances on the curve for 

June 1954 © PUBLIC ROADS 



PERCENTAGE OF CARS 
EXCEEDING SPEED BASED 

ON AASHO STANDARDS 

INS IDES LANES sesies one 
OUTSIDE LANE —— -—-— 

OUTSIDE 
ee Lan 

jyome tne 
SPEED-MILES PER HOUR 

4° 45' Curve ee ip 
300’ long PCC 300" long 

17°30° Curve 
PC -— 

2 ,, 100 
nue 
tae 

Ora} 2 a5 
LOz 
Wa We 

lh? 
to L629 

z25 
oa 

j2We 
Ore] RE 7 

\ Standards 

L030 2 90-Percentile speed 
T 

Lm x 

ec 
WJ 

tue} = 

ar] ar, 3 

Det = | 4 
‘ 

and a INSIDE LANE ——-= 
i td OUTSIDE EANE ——— 
i | t t 
t, ” 

lice e 7°00' Curve 

583' long 

eg ; 

Tr) ars 
hat] fy 600 

oO 
| z 

i <z 
18 7 

108, 2 400 

c | a 
ich < 

tle 
200 

S 4 3 2 ' ° ! 

‘|The can portion of the Rhart shows the 

percentage of vehicles exceeding the design 

speed at the several points on the curve. 

- The minimum sight distance for each direc- 

the center of the curve, and this is character- 

istic of all the horizontal curves studied. It 

and the 90-percentile free-moving passenger- 

car speeds were 41 and 50 miles per hour, 

.| respectively. 
The chart at the right in figure 1 is fora 

,} location where the minimum sight distance 

was only about 200 feet. The two charts 

»| illustrate an important driver characteristic 

.| observed at all of the locations in New York— 
drivers of free-moving passenger cars do not 
change their speeds appreciably after entering 
a horizontal curve, even when the curvature 

is as sharp as 15 degrees. Most of the adjust- 

ment in speed that is made, whether because 

of curvature, limited sight distance, or other 

| reasons, is made on the approach to the curve. 

(Observations of changes in speed on the 

| approaches were not included in this study.) 

Furthermore, a rather high percentage of 

drivers travel around curves with short sight 
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SIGHT DISTANCE-FEET 2 3 4 5 6 

DISTANCE FROM CENTER OF CURVE -HUNDREDS OF FEET 

distances at speeds which are higher than those 

based on the A.A.S.H.O. design standards for 

nonpassing sight distance. 

Even though drivers do not materially reduce 

their speeds while on a curve, there is a defi- 

nite relation between operating speeds and the 

minimum sight distances on different curves 

DISTRIBUTION OF 
MINIMUM SPEEDS 

ON CURVES 
CLASSIFIED BY 

Oo 

DISTANCE FROM CENTER OF C RVE-—HUNDREDS OF FEET c- 

Figure 1.—Typical data recorded at two locations in New York State. 

in New York. Figure 2 shows two sets of 

speed distributions for horizontal curves hay- 

ing minimum sight distances between 200 and 

550 feet, by 50-foot increments. (No loca- 

tions were studied where the minimum sight 

distance was between 250 and 299 feet.) 

The curves on the left show the distributions 

DISTRIBUTION OF 
MAXIMUM SPEEDS 

ON CURVES 
CLASSIFIED BY 
MINIMUM SIGHT 

DISTANCES 

PERCENTAGE OF VEHICLES AT OR BELOW SPEED SHOWN 
30 10 20 

SPEED-—MILES PER HOUR 

Figure 2.—Distribution of free-moving passenger-car speeds on horizontal curves of two- 

lane highways in New York State. 
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SPEED—MILES PER HOUR 

200 300 400 500 600 

MINIMUM SIGHT DISTANCE — FEET 

Figure 3.—Relation of 90- and 95-percentile speeds to minimum sight distance. 

of the minimum speeds for the various sight- 

distance conditions. For this purpose the 

minimum speed of each driver, regardless of 

where the minimum speed occurred on the 

curve, was used to determine the frequency 

distribution. Similarly, the set of curves on 

the right shows distributions of maximum 

speeds for the several horizontal curves falling 

in the same sight-distance groupings. 

It will be noted that for both minimum and 

maximum speeds, the speeds are considerably 

lower at locations where the minimum sight 

distance is below 250 feet than at locations 

where the minimum sight distance is greater 

than 500 feet. There is little difference be- 

tween the speed distributions for the three 

minimum-sight-distance groups that range 

from 350 to 500 feet. There is a consistent 

relation between the speeds of the faster 

drivers (90-percentile speed or higher) and the 

minimum sight distance. 

This relation between the speed and mini- 

mum sight distance for the higher speed 

drivers is shown in a different form in figure 3. 

It may be noted that for each of the four 

curves the speeds increase progressively as the 

minimum sight distances increase, although 

not at a uniform rate. Speeds of the faster 

group of drivers are related in some degree to 

the available sight distance on horizontal 

curves. This might appear to contradict the 

data presented in figure 1, but further ex- 

amination will reveal that this is not the case. 

Figure 1 shows the average behavior of all 

drivers at each 100-foot station around a 

horizontal curve and, as stated before, the 

speed of the average driver does not reflect 

the rapid change in the sight distance at 

different points on the curve. In figures 2 and 

3, however, the minimum and maximum 

speeds of individual drivers have been related 

to the minimum sight distances for the differ- 
ent horizontal curves. The minimum and the 

maximum speeds of different drivers do not 

necessarily occur at the same points on a 

horizontal curve. The variations in the make 

and model of car, in the individual perception 

and reaction times and other driver charac- 

teristics, undoubtedly affect the individual 

reactions to highway conditions. 
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The foregoing discussion was confined to 

the results of the studies conducted in New 

York because only in these studies were the 

vehicle speeds observed over a length of high- 

way. In the remainder of this article, rela- 

tions between speed and sight distance and 

other factors involve only the speeds at the 

points of minimum sight distance, and ac- 

cordingly data for all locations studied are 

included. 

Sight Distance-Curvature Relation 

Drivers approaching horizontal curves can 

see that the sight distances are shorter on 

some curves than on others, and to some ex- 

tent they can judge that one curve is sharper 

than another. Undoubtedly, drivers control 

their speed on the basis of their experience 

with respect to one or both of these factors. 

600 

Under some conditions, as in a cut or in a 

wooded area, the minimum sight distance on 

horizontal curves would vary inversely with 

the degree of curvature, but under the more 

usual conditions, where sight distance is de- 

termined by other than cross section, this is 

seldom the case. Among the locations studied 

= =e eS Se ee ese SS aa ee SS :8)]| a ce ee eC Sl lS] lc eS SOT Ss 

for this report there are some very sharp 

curves where the minimum sight distance is 

greater than at some of the flatter curves. 

Figure 4 shows the relation between mini- 

mum sight distance and degree of curvature 

as found on the 35 curves studied. The points 

are widely scattered. In extreme, at locations 

where the curvatures are about 5 degrees the 

sight distances range from 220 to 560 feet; 

conversely, the curvature ranges from 4 to 29 

degrees for the curves with 300-foot minimum 

sight distance. 
Mathematical analysis employing the 

method of least squares was applied to the 
basic data to determine the interrelation be-| 
tween minimum sight distance and curvature. 
The analysis showed that the minimum sight 

distance on these horizontal curves is not 

necessarily controlled by or related to the 

degree of curvature. There is, however, a 

general tendency, as should be expected, for 

the flatter curves to have the greater minimum 

sight distances. On the average, for each |! 
100-foot change in sight distance, there ap- 
pears to be a change of about 3 degrees ins 

curvature. i 

Even though, in open and level terrain, the 
available sight distance is not necessarily re- |}! 
lated to the curvature, the design of highway 
curvature and superelevation is based on the 

probable future speeds and an effort is made |! 
to provide adequate sight distance for safe 
operation at those speeds. It is important, 
therefore, to determine to what extent drivers 
are influenced in their speeds by the combina- 

iana 
o INSIDE LANE 
x OUTSIDE LANE 

550 Ee: 

500 

450 

400 

350 

300 

250 

MINIMUM SIGHT DISTANCE — FEET 

Figure 4.—Relation between minimum sight distance and curvature. 
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tion of curvature and superelevation and. by 

the available sight distances. 

Speed-Curvature Relation 

The speeds at which drivers operated on the 

wi) curves of various degrees are shown in figure 5. 
) The points for these curves were plotted by 

combining the inside and outside lane speed 
data shown in table 3. For this purpose it 

ifwas found not to be necessary to plot the lane 

yjthe average difference was only 0.2 mile per 

whour. (The arrangement within groups in 
table 3 was governed by considerations which 

wili be explained later.) 

_ Points are shown only for the average speed 

for each of the curvature groups in the table. 

degrees represents only 1 location, but all the 

ieother points represent data averaged for 7 to 

20 locations. The points for the 90- and 95- 

J percentile curves are not shown, but they fell 

as close to their respective curves as those for 

the average speeds. Points representing 

isespeeds at the individual locations as well as 

ijthose for the groups also came remarkably 

close to the curves. 

The method of least squares was used to 

fit a straight line, a hyperbola, and a parabola 

to the data for the individual locations, and 
the straight-line relation between speed and 

curvature was found to give the best fit. 

) The resulting equations, with the correspond- 

ing standard errors and coefficients of corre- 
i) lations, are shown in table 2. The high coeffi- 
cients of correlation found for these equations 

indicate that operating speeds are very closely 

related to the degree of curvature for the range 

between 2-degree and 30-degree curves in- 

cluded in this study. The average speed is 

lowered by 3 miles per hour for each 4 degrees 

that the curvature increases, and the 95- 

percentile speed is lowered by 1 mile per hour 

for each 1-degree increase in curvature. 
_ Included in figure 5 is a curve showing 

speeds that are presumed to be safe for the 

| various degrees of curvature. These ‘‘safe” 
} speeds are based on the average superelevation 

for each of the curvature groups in table 3 
and the current standards of highway design ? 

as shown in figure 6. This is a curved relation 

|} between speed and curvature, whereas the 
| actual performance of drivers is a straight-line 

}relation. A driver traveling at the average 

speed of all free-moving vehicles does not 

| exceed what is considered a safe speed on any 

| of-the curves. The fastest 10 percent of the 
drivers, however, do exceed the safe speeds on 

|} 4 Transition curves for highways, by Joseph Barnett. 
| Bureau of Public Roads, 1940. p. 191. 

V.=46.26—0.746 D 

Vos=58.46—1.000 D 

erage 
90-percentile 
95-percentile 

Ris Vespeed in miles per hour; D=curvature in degrees. 

i 
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# speeds separately because for the same curve. 

The point shown for a curvature of 16 to 20. 

Equation ! 

60 

a ° 

p= ° 

SPEED - MILES PER HOUR 

w 3 

20 

16 20 24 28 32 

CURVATURE — DEGREES 

Figure 5.—Relation between speed and horizontal curvature. 

Gm 
4 ned 

DESIGN SPEED- MILES PER HOUR 

SOURCE: TRANS/TION CURVES FOR HIGHWAYS, p.\91 
BUREAU OF PUBLIC ROADS 

BASED ON FORMULA: 
2 s+F = 2.067V 

S= SUPERELEVATION — ft./ft. 
_ FSCOEFFICIENT OF SIDE FRICTION __ 

0.16 UP TO 6OMPH, 0.15 FOR 65MPH, 
0.14 FOR 70MPH 

V= SPEED IN MILES PER HOUR 
R=RADIUS OF CURVATURE IN FEET oo 

20 24 28 32 36 

' CURVATURE-DEGREES 

Figure 6.—Maximum curvature for various assumed design speeds. 

curves sharper than 8 degrees, and on curves 

sharper than 16 degrees the average driver 

travels at about the safe speed, indicating that 

nearly half of the drivers exceed the safe speed. 

Table 2.—Relation between speed and horizontal curyature 

Coefficient of 
correlation 
(adjusted) 

Standard 
error (ad- 
justed) 

At individual locations included in this study, 

10 percent of the drivers exceeded the safe 

speed by as much as 10 miles per‘hour. It is 

apparent, therefore, that when the road is 

clear and dry many drivers actually utilize a 

coefficient of side friction which exceeds that 

intended in modern highway design. Nor- 

mally a low value of side friction is. purposely 

used in design to provide some margin of 

safety. To reduce the needed side friction, 

highway designers make use of superelevation. 

Generally, however, the superelevation } is 

limited to a maximum of 0.10 foot per foot, 

and even on the sharpest curves included in 
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Table 3.—Coefficient of side friction as related to speed on horizontal curves on two-lane highways 

be SR ree ee he ee ee ee ee eee eee 

Curva- | Super- Speed at minimum . : er : Speed at minimum Rai : sat 
Group and site No.! ture eleva- | Mini- sight distance Coefficient of side friction | yrini. sight distance Coefficient of side friction 

group tion mum mum 
sight sight 

distance} Aver- | 90-per- | 95-per-| Aver- | 90-per- | 95-per- | distance} Aver- | 90-per- | 95-per-| Aver- | 90-per- 95-per- 
age | centile | centile age centile | centile age | centile | centile age centile | centile 

1A: Ft./ft. Feet | M.p.h.| M.p.h.| M.p.h Feet M.p.h.| M.p.h.| M.p.h. 

V1 .o os dees dees eee ee aes 3°50’ 0. 014 303 46. 6 55.1 58.5 0. 083 0. 122 0. 139 526 46.3 53.0 55.5 0. 082 0. 112 0. 124 

) 1 ES 2 es Se ee 4°35’ . 021 377 51.7 58.3 60. 2 122 . 161 .173 546 46.9 52.5 53. 7 . 097 .127 . 133 
4°35! . 028 303 40.8 46.5 49.0 . 061 . 088 - 101 489 42.4 47.2 50. 4 . 068 . 091 . 108 
3°00’ . 030 360 40.9 §3.1 59. 0 . 029 . 069 . 092 360 34.9 44.7 47.9 . 013 . 040 . 050 
3°30’ . 040 500 45.5 54.0 56.4 . 043 .077 . 088 530 45.0 56.0 58.7 . 041 . 086 . 099 
3°54’ . 027 369 45.1 53.4 56. 6 . 066 . 103 m119 490 43.1 50. 7 63. 2 . 058 . 090 . 102 

4°00’ . 042 490 39. 5 49.5 57.0 . 031 . 073 110 500 39.0 49.5 53.1 . 029 . 073 . 090 
4°35’ . 049 450 45.0 62.5 58. 5 . 059 . 099 134 557 45.5 52.0 53.0 . 062 - 096 .101 
4°00’ . 052 460 45.0 55.0 58.9 . 043 . 090 110 ha Ee a Pace a a eee ge ef re 
2°45’ 2052. 3| Sonne A. Lee | Re eS 0 ee 460 48.0 58. 0 60. 9 . 022 . 056 . 067 
4°00’ . 060 500 40, 2 48.7 50. 6 . 016 . 051 060 500 43.0 52.0 54.9 . 016 . 066 . 081 
4°30’ . 062 510 43.5 53. 0 54. 6 - 038 . 086 095 520 43.0 54.0 57. 2 . 035 - . 091 .110 

TA verage. 22.2 S232. 4°13! . 053 482 42.6 51.7 55.9 - 037 . 079 101 te ait ise itt, | gocbugivegss Settee 
O-ayerage> 2-25. 2 Se. se 3°58’ 2053.21 Mee 22 ae. Es: CARES) 5 SRN (URE SS | Bo Be 507 43.7 53. 1 55.8 . 036 . 078 . 091 

2A: 
27, Pa ee, Py SEE RE) I, ge 5°40’ . 033 407 43.5 49.4 52.4 . 093 . 129 149 550 46.0 52.9 56. 2 . 107 . 153 ovine 
Dos 2 Bo Se Senet 6252" . 036 236 38. 6 46.3 47.6 . 084 . 136 146 452 36.9 42.1 43.9 . 073 - 106 119 
Olhsc Boe a cert eee 5°30’ . 042 470 41.0 51.8 53.8 . 066 . 130 144 430 40.5 49.0 51.0 - 063 -112 . 125 
1 ee eee ee Me, eS Pee ee 5°30’ . 042 435 37.5 46.5 48.3 . 048 . 097 108 460 38.0 47.5 49.9 - 051 - 103 -118 
i ge A gh ee At ee 8 6°52’ . 042 342 41.6 46.8 49.1 097 . 134 152 439 40.4 48.2 50. 9 089 .114 . 166 
AN@IR SO": 52. 2 Se 258 6°05’ . 039 378 40. 4 48.1 50. 2 -077 - 125 140 466 40. 4 47.9 50. 4 PUY fF .124 . 141 

2B: 
yy fae oe ie ee a eS ae 6°00’ . 062 440 42.5 55.0 57.3 . 065 . 150 168 440 40.0 50. 0 50. 6 - 050 .113 .118 
8 ee ee ee ae oa ee 6°30’ . 062 400 42.5 50. 5 53. 4 075 132 155 400 41.5 51.0 53. 7 . 069 . 136 . 157 
2-0 se eee eee eee 4°45! 062)" es $8 al ¥ ot ee al Bele See |} Ae 220 38. 0 43.0 46.5 . 018 . 041 . 058 
| ee eee Se Bn bs, ee Cae 2 5°40’ . 069 469 43.9 49.7 52.1 . 059 . 095 -111 316 41.5 47.4 49.7 . 045 - 080 . 095 

J-average 6°03" . 064 436 43.0 Dipar 54.3 . 067 . 125 145 ae See. —— Pe ced (ree RN 8 ieee ne | js Se ys 
O-AVeTatels. so nce ceo ome argo" 068: lM eae pee ox oe IE | Dt ee | 9 ee ote 344 40. 2 47.8 50. 1 . 042 . 086 - 101 

3A; 
A ee Eee Ses eee ee oe 8°02’ 0 324 44.3 52.0 53.7 . 184 . 254 271 452 40.3 47.0 49.3 . 153 . 208 . 228 
(1 ae en ae ae 9°10/ . 042 256 41.4 7.5 49.1 . 141 . 200 216 453 40.7 47.1 49.5 - 136 - 196 . 221 
1S 5 acces te ee oe eee 7°00’ . 052 350 41.5 49.5 52. 2 . 089 . 149 Ani | 375 42.0 47.5 53.9 . 092 . 133 - 186 

AVeTAge So S78. ep ihe soe 8°04’ . 0381 310 42.4 49.7 51.7 . 1389 . 202 . 221 427 41.0 47.2 50. 9 . 128 .179 . 213 
3B: : 

yy Me ees Ae Bo] Peon ey ee 7°30’ . 062 420 39. 2 48.7 50. 6 . 072 146 162;".| “ee eee Phat. Li.S9N) MELCLE IG SSeS eee 
7. eee, Se Se ee et 7°40! . 064 371 40. 6 46.7 48.9 . 084 . 1382 . 150 655 46.3 53.0 56.0 128 . 188 217 
U4 Seo bs 2. set ee a aa 9°30’ . 073 320 37.8 45.0 47.6 . 086 152 .179 320 37.0 44.2 46.3 . 079 . 144 - 165 
J-AVOlaLO S23 Sab acces 8°13" . 066 370 39. 2 46.8 49.0 . O81 . 144 Oe i (25oee Se. Sask wads Aosts 2c} aeeeee ee 2d 
O-bverage= =. SLE 2S 22 8°35! S068 2h ose Sn ae Re 9) oj SA Ls Pt See 487 41.6 48. 6 51.2 . 106 . 169 - 195 

4A; 
18 a. Bess! Pants ce setts eee 10°18’ . 038 308 41.9 46.3 47.1 .174 . 220 . 229 377 37.0 44.2 46.5 «127, . 197 . 222 
Macca oe eee ae ee 12°15! . 045 285 35. 7 41.5 42.9 .137 - 201 - 218 391 35. 2 40. 4 42.9 . 1382 . 189 . 218 
Sonat Jt A ee 13°44’ . 068 297 40.4 49.7 52.9 , 194 . 329 . 381 323 41.2 46.9 48. 6 . 205 . 285 .31l 

a AVOrage! 42.58. Fae 12°06’ . 050 297 39. 3 45.8 47.6 . 166 . 248 PPA! 364 37.8 43.8 46.0 . 152 - 221 . 249 
4B; 

ARE rt ene et Be Eh Sy 3 9 Pee 10°00’ . 073 300 35. 5 44.0 46.4 . 074 . 153 179 325 37.5 44.3 45.5 . 091 . 156 . 169 
‘ie oR eR ats i SR ea ee 11°00’ - 073 320 36.0 45.0 46.8 . 094 . 187 . 208 340 85. 5 42.0 43.8 . 085 . 154 Lee 
72 eae Ses ae ke SE SE 11°30’ . 080 380 40. 5 49.5 52.4 - 140 . 250 . 289 380 39.0 48.0 49.3 124 . 230 . 247 

: HA VOTAGOR aan = seek ree 10°50’ 075 333 37.3 46. 2 48.5 . 101 . 195 . 223 348 37.2 44.8 46. 2 - 100 .179 - 196 

i ES ey. nae EN ER 17°30’ . 062 215 36.5 44.0 45.0 211 - 330 352 — ee. ner a. een | ee ly ee 
6A: 

Oat emt. ceeds!) eee 29°00! - 062 300 25.1 29.7 31.5 151 . 236 274 wae a zee pe S-4o00)i «oy jal esses Bee 
Dt ee es ce eee ee 23°50! .077 215 31.5 36. 2 38. 1 - 200 . 289 . 328 455 32. 2 36. 2 37.8 . 212 289 .319 

T-OVerage esos ee Memento" Dip divs . 070 25 28.3 33.0 34.8 177 . 266 . 304 esa a2! 3 =~ Sate 2 ee 1) thee 
O-averages= == 23°50’ S07 ap fe ee Bis Le ple fe gt eee Bi Pe ee 5 cen 455 32. 2 36. 2 37. . 212 289 319 

1 The outside and inside Janes have different curvatures at sites 2 and 29, and no outside lane data were obtained at sites 9 and 25. Because of these cases (as indicated by J for inside lane 

Inside lane of curve 

and O for outside lane), separate group averages for inside and outside lanes are given for some groups. 

this study the maximum was only 0.083 foot 
per foot. 

The family of curves in figure 6, used to 

represent current design practices, is based on 

a safe coefficient of side friction of 0.16 for 

speeds up to 60 miles per hour, 0.15 for 65 

miles per hour, and 0.14 for 70 miles per hour. 

Side Friction Utilized 

One of the factors of highway design for 

which factual data have been seriously lack- 

ing is the coefficient of side friction that 

vehicles actually develop as they negotiate 

various curves. The coefficients of side fric- 

tion developed on the horizontal curves in- 

cluded in this study were determined from the 

data recorded, using the following basic 

formula: 

0.067 V2 
pals where 
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F =coefficient of side friction. 

V=speed in miles per hour. 

R=radius of curve in feet. 

S=superelevation in feet per foot. 

The basic data for each of the curves in- 

cluded in the study and the calculated coeffi- 

cients of side friction are shown in table 3. 

In this table the horizontal curves have first 

been arranged in groups according to degree 

of curvature. Each of these groups has been 

further divided into two subgroups, the first 

subgroup including curves having relatively 

low superelevations and the other subgroup 

including curves having the higher super- 

elevations. 

The superelevations used to separate the 

data into the subgroups were related to the 

curvatures. For 3- and 4-degree curves the 

division was made at a superelevation of 

about 0.04 foot per foot. This value increases 

as the degree of curvature increases, and for 

Outside lane of curve 

the sharper curves the division was made at 

about 0.08 foot per foot. The coefficients of 

side friction are shown for the average speed, 

for the 90-percentile speed, and for the 95- 

percentile speed on each curve. j 

Figure 7, showing separately for inside and 

outside lanes the relation of speed, coefficient 
of side friction, and superelevation, was 

plotted from the average values for each 
group of curves in table 3. The lower chart 

of each pair shows the average, 90-, and 95- 
percentile speeds for each curvature group; 

the upper chart shows the corresponding co- 

efficient of side friction utilized in negotiating 

the various curves at the indicated speeds. — 

It may be noted from figure 7 that the oper- 

ating speeds are about the same on horizontal 
curves of similar degree, regardless of the 

superelevations, within the limits of this study, 

This appears to be true for both the inside 
and outside lanes. The amount of super- 

a 
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° ‘p elevation, therefore, apparently had little or 

no effect on the operating speeds. 

' It follows, then, that the utilized coefficient 

of side friction was smaller when the super- 
elevation was high than when it was low. 

For example, for the inside lanes (figure 7) on 

curves of 10 to 15 degrees the side friction for 

drivers traveling at the average speed was 0.17 

when the superelevation was 0.050 foot per 

foot and 0.10 when the superelevation was Superelevati LOWAHIGHS SHOWREYEHGL Cow i rey Soudan uaa eo me . : uperelevation 
0.075 foot per foot. The high-speed drivers Rate - ft./ft. 027 053 .039 064 031 066 050.075 062 070 .083 
developed higher coefficients of side friction: Min. sight dist.,ft. 369 482 378 436 310 370 297 333. 215 258 210 
At the 95-percentile speed, coefficients of side No. of locations 55 Ce BY |e’ 3 AS I 2h hee 

friction averaged 0.28 when the supereleva- 

INSIDE LANES 

LEGEND INSIDE 

Average 

90 Percentile 

95 Percentile 

9° o 

2 | 

‘COEFFICIENT OF SIDE FRICTION UTILIZED 

[@) nm 

60 
tion was 0.50 and 0.22 when the supereleva- 

tion was 0.075 foot per foot. In both of these 

cases the difference in side friction between 

the low and higher superelevations was about 

the same, being 0.06 in the one example and 

0.07 in the other. On curves of less than 7 
degrees the difference was less, being in the 

neighborhood of 0.02 or 0.03. 

Figure 7 also shows that the utilized co- 

efficient of side friction generally increased as CURVATURE — DEGREES 
the degree of curvature increased, and that 

the coefficient was slightly smaller for the 0.4 
outside than for the inside lanes. 

50 

40 
SEERD— 

MILES PER HOUR 
30 

LEGEND 

Average 

0.3 90 Percentile 

95 Percentile Critical Criterion of Superelevation 

COEFFICIENT OF SIDE FRICTION UTILIZED 

. 0.2 3 
Since it was found that curvature affected He 

the operating speeds on horizontal curves but 0.1 a 

that superelevation had little or no effect, the Gi } NO DATA 
analysis was directed to the percentage of Us : 
vehicles that exceeded safe speeds based on : re ee ; EP Superelevation tOW HIGH LOW HIGH LOW HIGH LOW HIGH LOW HIGH LOW HIGH 
curvature and superelevation. Supereleva- Rate - ft./ft. 027 .053 .039 063 +.031 .068 050 .075 077 .083 
tion is normally expressed in units of feet of Min. sight dist.,ft.—-490 507 466 344 427 487 364 348 455 260 

rise per foot of pavement width, and curva- No. of location ag. ae eh 3 tiem ' 2 
ture in degrees. To facilitate the determina- 60 

tion of the number of vehicles that were oper- CCR pao pig a OUTSIDE LANES 
ating at unsafe speeds in relation to the geo- re 

metric features of the highway, it was found 1 = ee : 
‘desirable to express the superelevation in an : os ye 
‘terms of feet of rise per foot of pavement width axa EI — 7 ~ 7 

per degree of curvature, a term hereafter iden- 32 e y) j Qik 
_ tified as the unit of superelevation. a 39 : ahs ) ni 7, Me i ge 

An extremely high degree of ‘correlation was = age : Ge Ge | : Ge 

found to exist when this unit of superelevation 709 10 tol5 16 to 20 Above 20 

_ was related to the percentage of vehicles ex- CURVATURE — DEGREES 

Figure 7.—(Above) Relation between speed, 

coefficient of side friction, and super- 
3° ° 

elevation 

8400 FREE-MOVING PASSENGER CARS ON 68 HORIZONTAL ceeding the safe speed, as shown in figure 8. 

: CURVES RANGING FROM 3 TO 29 DEGREES Only one curve is shown for both lanes of 
- travel, because the individual curves for the 

inside and outside lanes coincide. This is 

easily understood if it is remembered that the 

curvature was measured to the center of the 

highway, not separately for each lane, and 

that operating speeds were nearly the same in 

both directions of travel. The actual plot- 

ting points are not shown in figure 8, but they 

were all very close to the average curve, indi- 

cating a very consistent relation between the 

two variables. This was the case even though 

both sharp and moderate curves were included 

<< 

é-_¢* 

PERCENTAGE OF VEHICLES EXCEEDING SAFE SPEED- 
BASED ON CURVATURE AND .SUPERELE VATION 

woe ) 002 004 006 .008 010 012 .014 016 018 .020 ; : : 
3 over the entire range of unit superelevations 

# SUPERELEVATION-FEET PER FOOT OF PAVEMENT WIDTH PER DEGREE OF CURVATURE oe 6 “a 

Figure 8.—Effect of superelevation on percentage of vehicles exceeding safe speed. The curve breaks very sharply at a unit 
18 
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Figure 9.—Relation between speed and minimum sight distance. 

superelevation of about 0.005. This indicates 

that for conditions included in this study few 

vehicles exceed a safe speed on horizontal 

curves designed with a unit superelevation of 

more than 0.005 foot per foot of pavement per 

degree of curvature. For unit superelevations 

less than this amount, however, a high per- 

centage of the vehicles will exceed the speeds 

considered safe for the combination of curva- 

ture, superelevation, and coefficients of side 

friction as shown in figure.6. Although there 

are curves with unit superelevations of less 

than 0.005 foot per foot per degree, specifica- 

tions in modern design standards generally 

provide higher rates. 

Speed-Minimum Sight Distance 

Relation 

In addition to consideration of curvature 

and superelevation, modern design practices 

require sight distances adequate for safe oper- 

ation. This study provides data for an analy- 

sis of the extent to which sight distance on 

horizontal curves affects driver speeds. The 

relation between speed and sight distance, 

neglecting the effect of curvature, is shown 

in figure 9, the curves being based on the data 
in table 1. 

One fact clearly brought out in the figure 

is that, at a given minimum sight distance, 

vehicle speeds are higher on the inside lanes 

than on the outside lanes. Ata given location 

the observed speeds were about the same in 

both lanes but, because the sight distances 

are longer for a driver traveling in the outside 

lane than in the inside lane, the relation shown 

in figure 9 is obtained. On an average, the 

minimum sight distance in the outside lane 

was about 20 percent higher than in the inside 

lane. Taking this into consideration, it ap- 

pears that the drivers in the inside lanes are 

34 

more apt to exceed safe speed with respect to 

sight-distance requirements than when they 

are traveling in the outside lanes. 

As previously stated, the relation between 

available sight distance and speed as shown in 

figure 9 entirely ignores the fact that at the 

locations with the shorter sight distances the 

curvatures are generally sharper than at the 

locations with the longer sight distances. The 

change in speed with a change in sight distance 

as shown in figure 9 may therefore have been 

caused largely by the driver’s reaction to cury- 

ature rather than sight distance. 

As may be observed from figure 9, the opera- 

ting speeds are related to the minimum sight 

distance, but the data at the individual loca- 

tions vary considerably about the established 

theoretical relations shown in table 4. This 

is indicated by the relatively high standard 

errors, which are an index of the dispersion of 

Table 4.—Theoretical equations showing relation between speed and minimum sight 

distance 

Speed 

Inside lanes: bast 

Pose peed Rus V.=56.8 SH 

Voc See 

Average 

90-percentile 

- 108.8 Vic 74 6 95= 74.6 Sti 

pis e2 Va=55.6— 575 

96.3 Naas ca nai 90=66.1 SH 

97.7 

S+1 

95-percentile 

Outside lanes: 

Average 

90-percentile 

95-percentile Vos=68.8— 

1 V=speed in miles per hour; S=minimum sight distance in hundreds of feet. 

Equation } 

the individual points about the curves. Thes 

standard errors are much greater than those 

for speed as related to curvature which are 
shown in table 2. This was the case even 

though every effort was made to determine 

whether there was not a more direct relation > 

between speed and sight distance. The hyper- 

bolic equations shown in table 4 were found by 

the method of least squares to give the best fit 

of the individual points to the curves. Other 

types of general equations tried were the 

straight line, parabola, and two additional 

hyperbolas. 

Although the speeds of drivers on horizontal - 

curves are not principally governed by sight- 

distance conditions, it is of interest to examine 

the extent to which drivers exceed safe speeds 

as determined by various sight-distance 

criteria. i 

Included in figure 9 is a curve showing the 

A.A.S.H.O. recommended nonpassing mini- 

mum sight distance for given speeds. The 

average driver was found to operate his car at 

a speed from which he could have stopped. 

safely, according to these standards, on all 

horizontal curves for which the minimum 

sight distance was about 200 feet or more. 

The high-speed (95-percentile) drivers oper- 

ated their cars at speeds which would permit |" 

them to stop within the available sight dis- | 

tance only when sight distances were above 

400 feet. 

Since drivers do not control their speeds to 

conform with the available sight distances as 

related to total stopping distances, it is of 

interest to determine what portion of the total 

stopping distances, for the speeds actually 

observed, is provided by the available sight 

distance. Results from several studies show 

the distances necessary to bring vehicles to a 

stop from various speeds. Among other 

things, these tests show the braking distance, 

which is the distance required to stop from the 

moment the brakes are applied until the car 

comes to a standstill. Not so readily deter- 

minable is the driver (or total) stopping dis- 

tance, which is the braking distance plus the 

distance the car travels during the driver 

perception and reaction time. Table 5 shows 

the braking and driver stopping distances 

Standard | Coefficient of 
error (ad- correlation 
justed) (adjusted) 

M.p.h. 

4. 55 

5. 14 

5. 24 

4.14 

4.64 

5.14 
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es Table 5.—Relation of braking and driver stopping distances to speed 

Braking distance from study ! 

15-percentile} Average 

hia?» No. 8, June 1953. 
2 Includes driver perception and reaction distance. 

85-percentile 

Driver stopping distance ? 

From study 3 A.A.S.H.O. 
(No safety 

factor) 

A.A.S.H.O. 
(1.25 safety 

factor) 15-percentile|85-percentile 

Feet 

1Braking distances of vehicles from high speeds and tests of friction coefficients, by O. K. Normann, PuBLIc RoAps, vol. 

ne 3 Perception and reaction distance same as in A.A.S.H.O. policy. 

wecording to the A.A.S.H.O. recommended 
jglesign standards for rural highways and the 

‘esults of recent braking distance tests. 

yy Ihe 15-percentile, average, and 85-per- 

sentile braking distances are those recorded 

ised elsewhere in this article, because they 

were the 2 extremes that could be obtained 

The 15-percentile brak- 

ing distance is the distance within which 15 

percent of the vehicles with the best brakes 

could stop, and the 85-percentile braking 

‘Hdistance is the distance within which 85 per- 

“Icent of the vehicles could stop, with only 15 

percent requiring longer distances. 

Figure 10 shows graphically the data con- 

: tained in table 5. The individual curves are 

each identified by a number corresponding to 

the appropriate column in table 5. Figure 10 

shows, for example, that for speeds above 60 

miles per hour the distance within which 85 

{ percent of the vehicles will stop after the 

“Ibrakes are applied (curve 4) is greater than 

"\the driver (total) stopping distance for the 15 

percent of the drivers that made the shortest 

stops (curve 5). 

The various relations between speed and 

sented in figure 10 were used to relate driving 

speeds on horizontal curves to sight-distance 

conditions. The object was to use each of the 

several curves in figure 10 as a criterion to 

obtain a measure of the relative ability of 

drivers to stop their vehicles within the 

available sight distances from the speeds at 

which they were traveling on the various 

horizontal curves. 
The percentages of vehicles traveling on 

horizontal curves at speeds exceeding those 

‘obtained from the several assumed criteria are 

shown in tables 6 and 7 for the inside and 

outside lanes, respectively. Table 6 shows, 

for example, that at site 1 the minimum sight 

distance was 200 feet. Curve 6 in figure 10 
shows that 85 percent of the drivers during the 
|braking distance tests could stop within 200 

feet from a speed of 30.6 miles per hour. 

§ Rraking distances of vehicles from high speeds and tests of 

friction coefficients, by O. K. Normann, Pustic Roaps, 
vol. 27, No. 8, June 1953. 
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SPEED-MILES PER HOUR 

This speed is recorded in the third column of 

table 6. The seventh column shows that none 

of the drivers observed on the curve at this 

site exceeded a speed of 30.6 miles per hour. 

The data in tables 6 and 7 were plotted as 

smooth curves in figure 11, which shows the 

percentages of -vehicles exceeding the speeds 

from which drivers can brake or stop within 

the available sight distances on the horizontal 

curves. Four pairs of curves are shown, each 

pair consisting of information for the inside 

lane and for the outside lane. 

At locations where the minimum sight dis- 

tance is 400 feet or longer, few drivers exceed 

the speed from which they are able to stop 

within the available sight distance, regardless 

AASHO POLICY— AVERAGE 
FOR PASSENGER CARS 
1.25 SAFETY FACTOR 

_DRIVER STOPPING DISTANCE 
85 PERCENTILE 

DISTANCE -HUNDREDOS OF FEET 

Figure 10.—Relation of braking and stopping distances to speed. 
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Figure 11.—Percentage of vehicles exceeding the speed from which drivers can brake or 
stop within available sight distance. 
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of which criterion is used. At locations hav- 

ing sight distances shorter than 400 feet, 

however, there is wide divergence in the per- 

centages of vehicles traveling in excess of 

those speeds which conform to the stopping 

distances established by the various criteria 

being tested. Where the minimum sight 

distance is 200 feet, for example, 86 percent 

of the drivers in the inside lanes exceed the 

speed from which 85 percent could have 

stopped safely. Stated another way, 86 

percent of the drivers exceed the speed from 

which 15 percent could not have stopped. 

This does not necessarily indicate an unsafe 

condition if it could be assumed that the 

faster drivers were those with the better 

brakes, or were more alert and consequently 

might have shorter-than-average perception 

and reaction time. It strongly suggests, 

however, that few drivers could have stopped 

had an object suddenly come into view in 

their lane. 

With a minimum sight distance of 200 feet, 

34 percent of the drivers in the inside lanes 

exceed the speed from which only the best 15 

percent could stop. This can scarcely be 

considered safe operation. At this minimum 

sight distance, 70 percent of the drivers in 

the inside lanes exceed the design speed based 

on the A.A.S.H.O. standards for nonpassing 

sight distances only. For each of the criteria, 

the percentage of vehicles exceeding the safe 

speed is considerably lower for vehicles in the 

outside lanes than in the inside lanes. 

Returning to a sight distance of 400 feet, 10 

percent of the drivers exceed the speed from 

which 85 percent of the vehicles could have 

stopped in less than 400 feet. Only 5 percent 

of the vehicles exceed the speed from which 

they could stop within the minimum nonpass- 

ing stopping distance recommended by the 

A.A.S.H.O. It is apparent, therefore, that 

when the minimum sight distance is 400 feet 

or longer few drivers observed in these studies 

overdrove the sight distance on horizontal 

curves based on any of the criteria. When 
sight distances are shorter than 400 feet, the 

percentage of drivers exceeding the speeds 

which permit braking within the available 

sight distance, with allowance for perception 

and reaction time, increases rapidly with a 

decrease in the sight distance. Very few of 

the drivers, however, under any of the condi- 

tions studied, were traveling faster than the 

speed from which they could have stopped 

within the available sight distance when 

braking distance alone is considered, with no 

allowance for driver perception and reaction 

time. 

Speed, Sight Distance, and 

Curvature Related 

A high correlation has been established 

between speed and curvature, and a relation, 

but one with low correlation, has been estab- 

lished between speed and minimum sight 

distance. No close relation could be found 

between curvature and sight distance. All 

three variables must be considered in combi- 

nation, however, to obtain their true effect on 

driver behavior. * The combined relation be- 
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Table 6.—Speeds from which vehicles could stop within available sight distance, based on 
various assumed criteria, and percentages of vehicles exceeding those speeds, on inside 

lanes of 2-lane highways 

Stopping speed as determined by using | Percentage of observed vehicles exceeding 
calculated stopping speeds based on— available sight distance and— 

Mini- 
mum 
sight 

distance 

85-per- 
centile 
driver 

stopping 
distance 
(curve 6!) 

Study site No. A.A.S.H.O. 
policy for 
stopping 
distance 
(curve 8 !) 

SS& aos 

eRe Rk ag Ty SAS? Oi SEOtpe Wee ha NAROR BPONEH CO 

1 Curve numbers in fig. 10. 

tween average speed, minimum sight distance, 

and curvature is shown in figures 12 and 13. 

The study locations have been combined into 

600 

15-per- 
centile 
driver 

stopping 
distance 
(curve 5!) 

85-per- 
centile centile 
braking | driver 
distance | stopping 
(curve 41)| distance 

15-per- 
centile 
driver 

stopping 
distance 

85-per- | 4 4.S.H.0. 
policy for 
stopping 
distance 

85-per- 
centile 
braking 
distance 
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several sight-distance and curvature groups 

giving a range of conditions which may be 

applicable to the normal highway in the area. 
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Figure 12A.—Average relation between minimum sight distance, speed, and curvature on 

inside lanes. ; 
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AVERAGE SPerevl — MILES PEF FOU; 

' side lanes of 2-lane highways 

Mini- 
mum 
sight 

distance 

85-per- 
centile 
driver 

stopping 
distance 
(curve 6 !) 

A.A.S.H.O. 
policy for 
stopping 
distance 
(curve 8 !) 

Study site No. 
15-per- 
centile 
driver 

stopping 
distance 
(curve 5!) 

able 7.—Speeds from which vehicles could stop within available sight distance, based on 

various assumed criteria, and percentages of vehicles exceeding those speeds, on out- 

Stopping speed as determined by using | Percentage of observed vehicles exceeding 
available sight distance and— calculated stopping speeds based on— 

85-per- 
centile centile 
braking | driver 
distance | stopping 
(curve 4!)| distance 

85-per- 15-per- 
centile 
driver 

stopping 
distance 

A.A.8.H.0. 
policy for 
stopping 
distance 

85-per- 
centile 
braking 
distance 

M.p.h. 

33. 0 
33.0 
42.0 
43. 7 

M.p.h. 

33.8 
33. 8 
43.0 
44.8 
45.0 

45. 2 

39.0 
39.0 
53.0 
55. 6 
56.0 

56. 2 
59. 5 
60. 0 
63.0 
65. 4 

65. 2 ao ok ef Se Set oa acorns 

DS ONAN aN paths 
Oo Ooo 

ee 3 

RKROCOoOOoO WNNOCO NOOO 

AAPA AMIN Site TR ag Oe Ror 

50.0 
50. 5 
52.8 

52.9 
53.5 
54, 2 
54. 2 
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54, 2 
55. 0 
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57.6 

57.6 
58.9 
59. 2 
59. 4 
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60. 9 
6 
5 
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1 Curve numbers in figure 10. 

Figure 12A shows, for the inside lanes on 

the curves, the manner in which average 

speed and minimum sight distance vary with 

the degree of curvature. It will be noted 
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that the average minimum sight distance 
decreases as the curvature increases, The 

average speed also has a tendency to decrease 

with an increase in curvature, but speed is not 
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materially affected by changes in curvature 

between the limits of 3 and 10 degrees. For 

curves of 10 degrees or more, a significant 

reduction in speed accompanies an increase 

in the degree of curvature. 

Figure 12B shows comparable information 

for the outside lanes. Neither the minimum 

sight distance nor the average speed in the 

outside lanes is reduced appreciably as 

the curvature increases to 10 degrees. The 

average speed is reduced to about 28 miles 

per hour on curves of 20 degrees or over where 

the average minimum sight distance is 325 

feet. 

Figure 13 shows separately for the inside 

and outside lanes the average curvature and 

speed as related to the minimum sight 

distance. For the inside lanes, the average 

curvature decreases without exception with 

each increment of minimum sight distance. 

The average speed, however, increases from 

34 miles per hour to something over 40 miles 

per hour with a change in minimum sight 

distance from 200 to 350 feet, while at the 

same time the curvature decreases from 16 

degrees to 7 degrees. Neither average cur- 

vature nor speed show marked change as the 

minimum sight distance increases above 350 

feet. 

Conditions for the outside lanes are some- 

what at variance with those for the inside 

lanes. While changes in sight distance are 

accompanied by changes in degree of curva- 

ture in much the same manner as for the 

inside lanes, average speeds in the outside 

lanes are progressively higher for successive 

increases in minimum sight distance through- 

out the sight distance range. 

Figures 12 and 13 show the average speeds 

obtained on horizontal curves having curva- 

tures and sight distances varying within 

certain fixed limits. There is considerable 

range in sight distance on curves having the 

same degree of sharpness, however, and 

different locations having about the same 

minimum sight distance have a considerable 

range in the sharpness of the curvature. 

Figure 14 shows the average, 90-percentile, 

and 95-percentile speeds, respectively, for 

horizontal curves throughout the range of 

curvature and sight-distance conditions in- 

cluded in this study, and indicates the speeds 

that would most likely be found on horizontal 

curves on existing two-lane highways with the 

conditions of speed and sight distance gener- 

ally prevailing in the areas included in*this 

study. The relations shown were obtained 

by applying the method of least squares to 

the basic data for the inside and outside 
lanes combined. The curves in this figure 

represent speed contours. Shown on each 

part of the figure is the standard error within 

which the speeds can be assumed to be correct. 

This figure shows that the sight distance 

has a comparatively small effect on vehicle 

speeds, whereas curvature has a considerable 

effect. With a constant curvature (reading 

horizontally) the average change in speed is 

about 0.8 mile per hour for each 100-foot 

change in sight distance. With a constant 

sight distance (reading vertically) the average 
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Figure 13.—Average relation between curvature, speed, and minimum sight distance. 

speed changes uniformly about 0.7 mile per 

hour for each 1l-degree change in curvature. 

As previously stated, however, the relation 
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between sight distance and curvature is such 

that a 3-degree change in curvature is approxi- 

mately equivalent to a 100-foot change in 

sight distance. Then, since a 3-degree change 

in curvature causes a 2.1-mile per hour change 

in average speed (with sight distance constant) 

and a 100-foot change in sight distance causes 

an 0.8-mile per hour change in average speed 

(with curvature constant), curvature causes 

nearly three times as great a change in speed 

as sight distance, under comparable conditions. 

This is as true for the 90- and 95-percentile 

speeds as for the average speed. 

Comparison of Driver Behavior on 
Horizontal and Vertical Curves 

Along with this study, carried out as a” 

cooperative project by the Bureau of Public 

Roads and the New York State Department of 

Public Works, a companion study on vertical 

curves was included in the program.‘ It is 

interesting to compare the results of these 

two studies, as shown in table 8. 

It will be noted that with the same minimum 

sight distance, vehicle speeds are considerably 

lower on horizontal curves than on vertical 

curves. The difference in speed is greater 

when the sight distance is short than when || 

itislong. This tends to confirm the conclusion © 

that sight distance has only a minor influence | 

on speeds on horizontal or vertical curves. — 

If sight distance were the controlling factor 

there would be the same reduction in speed ' 

with a reduction in sight distance on the 

vertical curves as on the horizontal curves. | 

Since this was not the case, it is apparent that 

the primary influencing factor was centrifugal © 

force which is present on horizontal but not on 

vertical curves. 

4 See footnote 1, p. 27. 

Table 8.—Comparison of vehicle speeds on 

vertical and horizontal curves having the 

same minimum sight distances 

Average speed 
on— 

95-percentile 
speed on— 

Minimum sight 
is 1 ; distance ort: 

zontal 
curves 

Vertical pies 
curves 

curves 

Vertical 
curves 

M.p.h.| M.p.h. | M.p.h. 

42 30 
45 37 
46 41 
46 43 

1 Sight distance in both cases measured to a 4-inch object. 
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